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Abstract 
In the southeastern United States, skimmer trawls, pusher-head trawls, wing nets, and small try 
nets (headrope length less than 12-ft (3.66-m)) are exempt from using a turtle excluder device 
(TED) and instead must adhere to tow time restrictions as a mode to mitigate sea turtle bycatch. 
However, observer and stranding data indicate that these tow times may often be exceeded and 
result in mortality of sea turtles. The National Marine Fisheries Service (NMFS) published a 
notice of proposed rulemaking in December 2016 to extend TED requirements to other trawl 
types, however there has been limited development of specialized TEDs for these smaller trawls. 
In anticipation of a regulatory change, we developed and identified multiple versions of a top-
opening TED with a minimum width of 28-in (71-cm) and height of 24-in (61-cm) as the best 
option for small trawl gears. Prototypes were initially equipped within small try nets and tested 
for gear performance and sea turtle exclusion in Panama City, Florida. The final designs were 
then tested for target shrimp retention, bycatch reduction, and general usability of TEDs in the 
commercial fisheries. A paired comparison test was conducted in 8-ft (2.44-m) and 10-ft (3.05-
m) try nets aboard the NMFS R/V Caretta, three commercial skimmer trawls in vessels <26-ft 
(7.92-m) in Louisiana and Mississippi, and two commercial wing nets in the Miami-Dade 
Biscayne Bay Pink shrimp (Farfantepenaeus duorarum) fishery. There was a general reduction 
of shrimp and bycatch averaging from a minimum loss of 3.31% in the Miami wing net fishery 
(FV FL-01) to 22.07% in the skimmer trawl fishery (FV LA-01). This dissertation research 
indicates that TEDs can function properly in small trawl types, however additional studies are 
recommended to minimize the shrimp loss and improve the overall TED effectiveness specific to 
each fishery and trawl type evaluated. 
 
 
 
 
 
 
 
 
 
 
 
 
Keywords: turtle excluder device (TED); sea turtle bycatch; shrimp fishery; try net; wing net; 
skimmer trawl
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Chapter 1 
Development and Evaluation of Specialized Turtle Excluder Devices (TEDs) to Eliminate 
Bycatch of Sea Turtles in Try Nets with Headrope Lengths Less than 12-ft (3.66-m) 
 
Introduction:  
In 1977, the National Marine Fisheries Service (NMFS) and the United States Fish and 
Wildlife Service (USFWS) signed a memorandum of understanding to administer the 
Endangered Species Act (ESA) with respect to sea turtles (NOAA Fisheries Office of Protected 
Resources 2013).   Immediately following this action, several studies were conducted that 
determined the primary cause of sea turtle mortality was the incidental capture as bycatch in the 
southeast U.S. shrimp fishery (Henwood and Stuntz 1987; National Research Council 1990).  
The U.S. southeast shrimp fishery ranges from Cape Hatteras, NC to the U.S.-Mexico border in 
the Gulf of Mexico (NRC 1990).  Commercial shrimping practices in the Gulf of Mexico have 
been shown to result in sea turtle mortality (Magnuson et al., 1990; Epperly et al., 2002).  The 
listing of sea turtles under the ESA made their capture in shrimp trawls illegal and led to several 
management actions including a complete closure of the shrimp fishery.  In response to the 
closure, there were various attempts to reduce turtle bycatch levels through regulation changes, 
the fishery observer program, area and time closures, and gear modifications (NOAA SEFSC 
2017).  
 In response to the ESA regulations that protected sea turtles, the National Marine 
Fisheries Service (NMFS) Southeast Fisheries Science Center (SEFSC) initiated intensive gear 
research that resulted in the development of the Turtle Excluder Device (TED; Henwood and 
Stuntz 1987, National Research Council 1990).  A gear based approach works to reduce bycatch 
levels because specific gear is more prone to incidentally capture non-target species (Mitchell et 
al., 1996) and modifications can be made to reduce these interactions.  A TED is an array of 
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angled, spaced bars, positioned in the direction of trawl flow and placed in the trawl net 
immediately before the cod end to allow sea turtles to escape if they are captured in the net 
(Figure 1.1; Saunders 1988; Lutz et al., 2002).  If the opening of the TED is large enough, all sea 
turtles should effectively escape and for certifications, TEDs need to be 97% effective in 
removing sea turtles (Federal Register 1987, 1992b).  An analysis of stranding data on the impact 
of TEDs and fisheries closures for loggerhead (Caretta caretta) and Kemp’s ridley (Lepidochyles 
kempii) turtles showed that TEDs can be effective in reducing strandings of turtles, dependent 
upon the level of TED compliance by fishers (Lewison et al., 2003). 
 
Figure 1.1: A general design of a bottom opening TED within a shrimp trawl. Image Source: 
NMFS Pascagoula, Mississippi. 
 
A gear-based approach does not reduce turtle interactions, but will reduce captures by 
allowing turtles to escape and mitigating the potential negative impacts of forced submergence 
that result from the incidental capture.  Typically, if turtles captured as bycatch and are active 
upon capture, they are released immediately and the captures are not considered “lethal” and 
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these post-capture symptoms may not be observed (Gerosa and Aureggi 2001; Gilman et al., 
2009).  However, recent studies that shown that sea turtles captured as bycatch in bottom trawl 
fisheries can exhibit symptoms of decompression sickness, commonly referred to as “the bends”.  
In waters where bottom trawling was occurring from 33 to 164-ft (10 to 50-m) in depth on 
average, 46.9% of turtles evaluated experienced the gas embolisms that result from 
decompression sickness and 10.2% of those turtles remained active and presented moderate to 
severe signs of gas embolisms (García-Párraga et al., 2014).  There is a direct relationship 
between risk of severity of gas embolisms and trawl depth and are most sever at depths greater 
than 65-ft (19.1-m; Fahlman et al., 2017).  Many of the turtles considered “active” upon capture 
and released alive could be experiencing symptoms as a result of decompression sickness that 
were not immediately observed  and potentially die within hours post-release (García-Párraga et 
al., 2014; Fahlman et al., 2017).  The use of a TED in bottom trawl gears, including try nets that 
currently abide to tow time limits instead of a gear modification could help to mitigate some of 
these impacts. 
Coastal areas where shrimping occurs in the Gulf of Mexico are utilized by sea turtles for 
foraging and migrations (Hart et al., 2013; Foley et al., 2013; Shaver et al., 2013; Hart et al., 
2014; and Shaver et al., 2016).  Federal observer data from offshore fisheries in the Atlantic and 
the Gulf of Mexico show that captures are occurring in try nets less than 12-ft (3.66-m) that are 
not equipped with TEDs.  These takes are occurring in try nets ranging from 8.3-ft (2.5-m) to 
12.3-ft (3.7-m) in headrope length and include L. kempii, C. mydas, and primarily C. caretta sea 
turtles (NMFS observer data unpublished).  From 1998-2017, a total of 150 C. caretta turtle 
captures were observed in try nets that ranged from 8.3-ft (2.5-m) to 12.3-ft (3.7-m) with an 
average headrope length of 10.97-ft (3.3-m). 
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Federal observer data from offshore fisheries in the Atlantic and the Gulf of Mexico show 
that turtle captures are occurring in try nets less than 12-ft. (3.66 m.) that are not equipped with 
TEDs.  These takes are occurring in try nets ranging from 8.3-ft. (2.54-m.) to 12.3-ft. (3.75 m.) in 
headrope length.  Takes include captures of Kemp’s ridley (Lepidochyles kempii), green 
(Chelonia mydas), and primarily loggerhead (Caretta Caretta) sea turtles. From 1998-2017, 150 
loggerhead turtle captures were observed in try nets that ranged from 8.3-12.3 ft. with an average 
headrope length of 10.97 ft. (3.34-m). From 2002-2017 a total of 37 Kemp’s ridley turtle captures 
were observed in nets ranging from 8.3-12.3-ft. with an average headrope length of 11.11-ft. 
(12.5-m). From 2009-2017 a total of 7 green turtle captures were observed in try nets ranging 
from 8.3 to 12 ft. with an average headrope length of 11.33-ft. (3.45-m (Figure 1.2). For all 
observed captures, the tow time ranged from a minimum of 0.15 hours to a maximum of 3.55 
hours with an average tow time of 1.00 hour (NMFS Observer Data Unpublished 2018). 
 
Figure 1.2: The observed turtle captures in try nets in the Gulf of Mexico and southeast Atlantic 
shrimp fishery from 1997-2007 from the NMFS observer program. Try nets were categorized by 
the federal observer program as either 8, 10, 11, or 12-ft in headrope length. Data from NMFS 
Unpublished 2018. 
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Because of the level of turtle captures in try nets, this has been identified as a concern for 
the populations and shows that tow time limits are not effective in excluding sea turtles from try 
nets when sampling (NMFS and USFWS 2008).  In 2008, the second revision of the Recovery 
Plan for the Northwest Atlantic Population of the Loggerhead Sea Turtle plan recognized the 
importance of requiring TEDs in all try nets to decrease bycatch of C. caretta turtles in the 
Atlantic population (NMFS and USFWS 2008).   
A try net (occasionally referred to as a test net) is used for testing areas for shrimp 
concentrations and these nets can have a headrope length varying from 8-ft (2.44-m) to 20-ft 
(6.10-m), depending on the area in which they are being used (Figure 1.3).  Try nets are used in 
both inshore and offshore fisheries by commercial shrimpers to test the waters for shrimp 
concentration.  They are essentially a small trawl net that is fished along the bottom of the water 
column.  Try nets are attached to small doors to keep the net spread open and are fished for 
various levels of time depending on the operator (FWCC 2017).   
Figure 1.3: A diagram of (a) a typical twin rigger otter trawl equipped with a try net (middle net) 
and (b) a general diagram of a bottom trawl net used in the shrimp fisheries and kept open with 
two otter boards (doors).  Image from Gillett 2008. 
Since 1992, federal regulations have required the use of TEDs in all otter trawls in the 
southeast U.S. Shrimp Fishery (Federal Register 1992b).  Current regulations for the southeast 
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shrimp fishery exclude certain gear types from using a TED including single try nets with 
headrope lengths less than 12-ft (3.66-m) and skimmer trawls.  Under the initial regulations, any 
try net with a headrope length up to 20-ft (6.10-m) was exempt from using a TED, and in 1996 
requirements were adjusted to include try nets with headrope lengths >12-ft (3.66-m) and footrope 
lengths > 15-ft (4.57-m) to be exempt from using a TED (Federal Register 1992b; NMFS 2008).  
These gear types are instead required to adhere to tow-time limits of 55 minutes from April to 
October and 75 minutes from November to March (NMFS 2008; 2014).   
These gear types were originally exempt because they were deemed unable to effectively 
accommodate TEDs and try nets <12-ft (3.66-m) were considered too small for legal sized (32-in 
x 32-in) TEDs.  In the Gulf of Mexico, for single grid hard TED, regulations require the escape 
opening measure at least 32-in (81.3-cm) long and be a minimum of 10-in (25.4-cm) vertical 
taught height when installed (NMFS 2019b).  In 1996, when the smallest legalized TED was 28 
x 28-in (71-cm x 71-cm) for the Gulf of Mexico, TEDs were tested in try nets and were 
considered to have little effect on the try net performance (Mitchell et al., 1996).  The legal size 
of the TED then increased to 32 x 32-in (81 x 81-cm) to accommodate escapement of large 
turtles.  
In March of 1996, the NMFS SEFSC Harvesting Systems Division conducted tests to 
evaluate if different try nets have different catch rates of sea turtles aboard the R/V Bulldog in 
the Cape Canaveral Ship Channel.  Try nets with headrope lengths of 12-ft (3.66-m), 15-ft (4.57-
m), and 20-ft (6.10-m) were tested and there were turtle captures in all of the nets.  There was no 
significant difference between catch-per-unit-effort (CPUE) between the three size nets, but the 
data indicated a decrease in turtle captures with a decrease in headrope lengths (NOAA SEFSC 
1996).  
7 
 
Following this testing, in July of 1996, a minimum sized TED hard-grid was tested for the 
south Atlantic and Gulf of Mexico in a 10-ft (3.05-m), 12-ft (3.66-m), and 20-ft (6.10-m) try net 
for sea turtle exclusion.  A 28-in bottom-opening grid was tested in the 10-ft (3.05-m), 12-ft 
(3.66-m), and 15-ft (4.57-m) and a top opening design was also tested in the 12-ft (3.66-m) 
headrope length try net.  A 30-in bottom opening TED was tested in the 12-ft (3.66-m), 15-ft 
(4.57-m), and 20-ft (6.10-m) try net.  They evaluated the effects of the TED on try-net 
performance, the handling of nets equipped with a TED, and the turtle exclusion rate in the try 
nets with a TED.  In this test, twelve turtles were released into try nets equipped with TEDs and 
all escaped within the required 5-minute period.  In regards to gear performance, spread and 
height measurements were obtained by divers for each net with and without TEDs.  There was a 
slight loss of spread for the TED-equipped nets with an average decrease of approximately 4%. 
There were little problems with the deployment and retrieval of the try nets equipped with a TED 
and all twelve turtles released into a TED-equipped try net all escaped within the allotted five-
minute period (Mitchell et al., 1996).  
In 2008, a legal sized 32-in x 32-in D-shaped (tombstone), aluminum rod, TED was 
tested in an 11.75-ft (3.58-m) try net by the NMFS Harvesting System Unit (NMFS 2009).  In 
this study, five tows were completed and compared the TED to a control try net in a top-opening 
and bottom-opening configuration both with and without an extension.  The diving team 
measured the net height, net spread, TED height from the seafloor, and overall shape of the net to 
evaluate the TED performance.  Overall, it was considered that a try net <12-ft (3.66-m) could 
potentially accommodate a legal-sized TED, but it would need to be a lighter design such as a 
0.5-in (1.3-cm) aluminum rod (NMFS 2009, NMFS 2010).  Since the 2009 study, there has not 
been further development of a lighter and smaller TED to accommodate the small size of these 
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try nets.  Because of the small size of the try nets that are “of concern” in regards to sea turtle 
catch, try nets were considered the limiting factor for the TED design in this project and the most 
difficult to equip with a TED.  Considering this, try nets were used to test the prototype TEDs in 
Panama City, FL. 
Evaluations were then conducted again in 2009 to determine the feasibility of a legal sized 
TED in a try net with a headrope length of 12-ft (3.66-m) or less after reports of sea turtles being 
captured in try nets (NOAA SEFSC 2009).  Regulations only require try nets with a headrope 
length of 12-ft (3.66-m) or greater to be equipped with a try net (NMFS 2008) and as a result, 
many trawlers use try nets with headrope lengths of 12-ft (3.66-m) or less (NOAA SEFSC 2009). 
NMFS tested a legal-sized, tombstone/D-shaped TED design made out of ½-in aluminum rod on 
an 11-ft 9-in (3.58-m) try net.  This testing concluded that a try net under 12-ft (3.66-m) such as 
the 11-ft 9-in (3.58-m) net tested could accommodate a legal sized TED if it is made from lighter 
material.  In 2010, during the TED testing and gear evaluations research done by the NMFS 
SEFSC Harvesting Systems Branch, divers tested 11.75-in (3.58-m) try nets attached to a dummy 
door (commonly referred to as a “sled”) between the nets and small wooden doors on the outside 
of the trawls to look at their fishing configuration.  It was concluded that twin rigging with two 
individual nets with separate doors were the best testing configuration.  It was also determined 
that nets were highly sensitive to bridle placement and position of the towing point on the doors 
(NMFS 2010).  
In 2010, a 32 x 32-in (81.3 x 81.3-cm)  top-opening double cover TED with 4-in (10.2-
cm) bar spacing was tested in an 11.75-ft (3.58-m) try net for catch retention and simultaneously 
catching both white shrimp (Litopenaeus setiferus) and brown shrimp (Farfantepenaeus aztecus). 
Overall, during this testing, there was an average of 8.65% reduction of total shrimp and 15.92% 
9 
 
reduction of L. setiferus and 5.75% reduction of F. aztecus in the net equipped with a TED (Table 
1.1).  There was an overall significant reduction of 11.73% of bycatch and 12.64% reduction of 
total catch in the net equipped with a TED (NMFS Unpublished 2010). 
Table 1.1: Results from try net catch evaluations equipped with a TED conducted by NMFS in 
2010 (NMFS Data Unpublished 2010). 
 
The objectives of this dissertation research were to utilize the previous try net and TED 
evaluations conducted by NMFS and perform the following:  
 Cooperatively design, construct, and evaluate specialized TEDs designed for use in small 
skimmer trawls, small wing nets, and try nets with headrope lengths less than 12-ft (3.66-
m) with a 120-in (300-cm) opening to allow for a legal offshore opening; 
 Evaluate the performance of 4-5 prototype TEDs in a try net in Panama City, FL off the 
NOAA R/V Caretta with the NMFS SEFSC diving team in comparison to a try net 
without a TED 
 Conduct a leatherback sea turtle (Dermochelys coriacea) opening test with smaller 
specialized TEDs installed on a 10-ft (3.0-m) headrope length try net utilizing a 
leatherback model frame and evaluate the smaller specialized TED for small sea turtle 
exclusion using a modified version of the NMFS small sea turtle testing protocol; 
 Determine the change in target catch, bycatch, and total catch associated with use of the 
smaller specialized TED with a double cover opening in a 10-ft (3.0-m) headrope length 
  
  
  Control Net Exp. Net 
(TED) 
Reduction 
Ntows Mean 
(kg) 
SD Mean 
(kg) 
SD L 95% CI Mean 
% Diff 
  
U 95% 
CI 
P-value 
Total Shrimp 58  1.89  1.60  1.72  1.50 -2.57 - 8.65 -14.73 0.0015 
White 51  5.44 13.97  5.76 14.85 0.30 -15.92 -32.14 0.1720 
Brown 58  1.35  1.70  1.27  1.60 0.03 - 5.75 -11.54 0.0123 
Bycatch 58 39.50 18.00 34.86 16.45 -3.71 -11.73 -19.75 0.0030 
Total Catch 58 42.24 18.83 36.90 16.99 -5.51 -12.64 -19.78 0.0005 
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try net offshore and with a 44-in (111.8-cm) inshore opening in an 8-ft (2.4-m) headrope 
length try net. 
The main challenge for this research was effectively designing a TED that would be small 
enough to fit well in the nets but accommodate an opening large enough to effectively 
exclude sea turtles.  The overall goal of this project was to develop a specialized TED that 
could be utilized in these small trawls and accommodate the 44-in. (1.12-m) inshore opening 
and double cover offshore opening following NMFS TED development guide (NMFS 2019a 
and NMFS 2019b) to effectively exclude sea turtles in the inshore waters.  
Hypotheses 
 Null Hypothesis (Ho): There will be no significant difference between mean catch weight 
of shrimp between the net equipped with a Turtle Excluder Devices and the net with no 
device (naked) for skimmer trawls, wing nets, and try nets with headrope lengths less 
than 12-ft (3.66 m.; α=0.05) 
 Alternate Hypothesis (Ha): There will be a significant difference in the mean catch 
weight of shrimp between the net equipped with a Turtle Excluder Devices and the net 
with no device (naked) for skimmer trawls, wing nets, and try nets with headrope lengths 
less than 12-ft (3.66-m; α=0.05) 
Methods 
Part 1: Small Specialized TED Development 
Multiple prototype hard-grid TEDs were developed with the goal of having 1-3 uniform 
TED designs that would work effectively in various small trawl nets including small skimmer 
trawls and wing nets discussed in Chapters 2 and 3.  Because prior testing has been conducted in 
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a try net with a headrope of 11-ft 9-in (3.58-m) for TED accommodations by NMFS, two try nets 
with headrope lengths of approximately 8-ft (2.44-m) and 10-ft (3.05-m) were chosen for this 
research (Table 1.2). 
Table 1.2: The dimensions and measurements of both try nets utilized in both the TED 
Development evaluations in Panama City, FL as well as catch evaluations conducted. 
 
8-ft Try Net 10-ft Try Net 
Headrope Only 8.67-ft (2.64-m) 9.90-ft (3.02-m) 
Top Leg (1) 2.29-ft (0.70-m) 2.25-ft (0.69-m) 
Top Leg (2) 2.27-ft (0.69-m) 2.25-ft (0.69-m) 
Headrope (w/ legs) 13.23-ft (4.03-m) 14.40-ft (4.39-m) 
Footrope Only 11.29-ft (3.44-m) 13.08-ft (3.99-m) 
Bottom Leg (1) 2.25-ft (0.69-m) 2.23-ft (0.68-m) 
Bottom Leg (2) 2.28-ft (0.70-m) 2.23-ft (0.68-m) 
Footrope (w/ legs) 15.82-ft (4.82-m) 17.54-ft (5.35-m) 
Tickler chain 14.67-ft (4.47-m) 16.29-ft (4.97-m) 
# Floats 2 2 
Size Floats (in) 3x1.5 3x1.5 
Cable Bridles 30-ft (9.14-m) 30-ft (9.14-m) 
 
Both try nets were purchased from Fishermen’s Supply in New Orleans, LA and were 
made of #7-nylon webbing.  In addition to the measurements provided in Table 1.2, the 8-ft (2.6-
m) try net had a 1 and 4 taper, 1.5 in (3.81 cm) mesh size, circumference of 116 meshes at seam 
1 and 174 meshes at seam 2 (located 28 meshes up), and was made of 3 seams.  The 10-ft (3.49-
m) try net had a 1 and 6 taper, 1.375 in (3.49 cm) mesh size, circumference of 116 meshes at 
seam one and 16 meshes at seam 2 (located 25 meshes up), and was made of two seams.  Both 
try nets had a tail bag circumference of 42 meshes and the bag measured 40 by 40 meshes total. 
For both nets, the tickler chain consisted of 3 loops of 0.125-in (0.318-cm) chain links beginning 
at first hang tied 12-in (30.48 cm) apart and the total loops were 15.5-in (39.37-cm) of 1-in 
(2.54-cm) chain tied at 13-in (33.02 cm), averaging between 11-in (27.94-cm) and 12-in (30.48-
cm) overall. 
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Each TED was installed at a 45-degree angle, the extension was made of #21 
polypropylene webbing 1.625-in mesh size and extensions were 40 meshes long by 140 meshes 
around (with the exception of TED UNO2017-E which was 150 meshes around to accommodate 
the larger grid size; Table 1.3).  The escape opening was 44-in. (1.12-m) single cover and 60 
meshes wide x 60 meshes long.  Flotation type and location was modified throughout the study.  
The grids were made of either stainless steel or aluminum rods, the bar diameter of the TED 
frame was 0.375-in (0.95 cm) for all TEDs with the exception of UNO-2017 which had a frame 
and inner bar diameter of 0.25-in (0.64 cm). With the exception of TED UNO 2017-E, all bar 
spacing was 3-in (7.62 cm) or less in response to the concern of capture of small turtles in these 
gear types. 
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Figure 1.4: Drawings of the six prototype TEDs evaluated for gear performance in try nets in 
Panama City, FL in June 2017. UNO 2017-F is the recommended TED for small try nets. 
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Table 1.3: Descriptions of TED prototypes tested in Panama City, FL. Material for grids made 
of either stainless steel (SS) rods or aluminum (Al); and shape was either Oval or Tombstone 
(TS).  
Grid Bars 
TED ID Width 
  in; (cm) 
Height  
  in; (cm) 
Weight     
  lbs.; (kg) 
Material Shape Spacing 
in; (cm) 
# 
Bars 
UNO2017-A 26.5 (67) 30.5 (77) 5.34 (2.42) SS Oval 3 (7.6)  7     
UNO2017-B 28.50 (72) 30.5 (77) 5.8 (2.63) SS Oval 3 (7.6) 8     
UNO2017-C 28.25 (72) 28 (71) 5.91 (2.68) SS TS 3 (7.6) 8     
UNO2017-D 28 (71) 30 (76) 5.58 (2.53) Al. Oval 2.5 (6.4) 8     
UNO2017-E 32 (81) 33 (84) 4.32 (1.96) SS Oval 4 (10.1)  7     
UNO2017-F 28.25 (72)  24 (61) 5.20 (2.34) SS TS 3 (7.6) 8 
 
To evaluate performance, the prototype TEDs were sewn into a try net to be towed 
behind the NMFS vessel in Panama City, FL.  The designs were evaluated by taking 
measurements of the gear with and without a TED underwater by the NMFS SEFSC diving staff.  
Anticipated design alterations that could occur during testing were as follows: the addition or 
removal of floats, an extension between the net and TED, and different doors to increase or 
decrease the net spread.  During testing, TED UNO2017-B (28 x 28-in Tombstone/D-shaped 
stainless steel) was modified and cut down to 24-in (10.16-cm) in height (UNO 2017-F) while all 
other measurements remained the same.  The following measurements were taken to evaluate the 
TED in the water: headrope height, footrope height, net spread, minimum circumference of the 
net in front of the TED, and the measurement of flap seal.  The net spread, headrope height, 
footrope height, and minimum circumference were compared to the control net (no TED) to 
determine how the TED affected the net in the water.  For each TED tested, control 
measurements were taken in the net without a TED equipped for comparison.  
The first TED tested in comparison to the control was a legal-sized 32x32-in (81x81-cm) 
stainless steel oval TED with a 5x7-in (12.7x17.8-cm) float and was installed directly into the try 
net.  Because the try net was short, the insertion of the TED did not allow for a streamlined 
design of the net overall and would likely lead to poor gear performance (Figures 1.4).  An 
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additional extension of 120 meshes (around) and 30 meshes (long) was installed at the aft portion 
of the TED to allow for a more gradual taper between the net and the TED.  Depending on the 
design and taper of the try net that was used, an additional extension to allow for a taper would 
be recommended for TED use within small try nets.  All TEDs were tested over the course of 
five days on 10, 11, 16, 17, and 18 of June 2017.   
 
 
Figure 1.5 An overhead view of the 32x33-in (81x84-cm) TED: UNO2017 E installed in the 10-
ft (3.66-m) try net with the 12x24 inch (30x61-cm) doors without an additional extension 
installed. Note the wide opening/spread of the extension (Top photo) and an overhead view of 
the 32x33 inch oval TED (UNO2017-E) with the additional 30x120-mesh extension installed at 
points A and B. Note the smoother transition between the front portion of the try net and the 
TED. 
A 
B 
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After all prototypes were tested in the 10-ft (3.05-m) try net, the 24 x 28-in (10.2 x 71.1- 
cm) Tombstone TED (ID UNO2017-F) was tested in the 8-ft (2.44-m) try net to compare the fit 
in the smallest size try net that would likely need to accommodate a TED. To evaluate the TEDs 
for large turtle escapement an aluminum frame model, fabricated using morphometric data 
collected from the an adult D. coriacea which is the largest foraging turtles sampled, was pushed 
through the TED by divers.  To evaluate the specialized TEDs for small turtle escapement two 
one-year-old and one three-year-old C. caretta turtles were placed in the trawl by divers.  Time 
and gear restrictions utilizing the small nets did not allow a full certification test, which NMFS 
researchers indicated unnecessary since the TEDs met legal requirements besides size of grid.  
After each prototype was tested, the modified 28 x 24-in (71 x 61-cm) tombstone (UNO2017-F), 
the 28 x 28-in (71 x 71-cm) tombstone (UNO2017-C), and the 28.5-in x 30.5-in stainless steel 
oval TED (UNO2017-B) were identified as the most accommodating in the small try nets.  For 
all TEDs tested, it was determined that an additional extension added at the front of the TED was 
necessary for the net to take proper shape in the water.   
 
Part 2: Try Net Catch Evaluation 
Catch evaluations of TEDs in try nets were then tested aboard the NMFS vessel, the R/V 
Caretta on 12-16 and 19-21 September 2017 and the captain and crew replicated typical fishing 
conditions.  The R/V Caretta (Figure 1.6) has twin rigs and testing followed a matched pair 
experimental design with the experimental net consisting of a trawl with a TED prototype 
installed and the control net (no TED).  All gear was identical on each side of the vessel 
including doors, leg line lengths, trawls, tickler chains, and lazy lines.  The goal was to test the 
minimum size prototype in both inshore and offshore waters and target both L setiferus and F. 
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aztecus.  For Louisiana, Mississippi, Alabama, North and South Carolina, Georgia, and the east 
coast of Florida, the state waters extend from the shoreline to three nautical miles. For Texas and 
the west coast of Florida, state waters extend from the shoreline to nine nautical miles. Within 
the state or “inshore” zone, fisheries are managed by individual states and then the waters 
extending from the state boundary to 200 nautical miles are considered federal or “offshore” 
waters and managed by federal and/or regional entities (NMFS SERO 2019). 
 
Figure 1.6: The NMFS R/V Caretta that was used for all testing conducted in Panama City, FL 
and the try net catch evaluations. 
 
Two of the 8-ft (2.44-m) try nets that were used in the Panama City gear evaluations were 
also used for the catch evaluations in the inshore fishery and the experimental net was equipped 
with TED ID UNO 2017-03.  All gear was identical on each side of the vessel including doors, 
leg line lengths, trawls, tickler chains, and lazy lines.  The try net was short in length, so a 
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straight extension (40 meshes long x120 mesh around) was placed in front of the TED to allow 
for better opening of the net around the TED.  Two 5x7-lb. (2.3x3.2 kg) floats were added on the 
sides of the net to allow for proper floatation and ensure that the TED entered the water straight.  
A total of thirty 30-minute tows were conducted in a paired tow design over two days to remove 
any potential vessel side bias.  The TED was switched from the starboard side to the port side 
after 15 tows were completed to ensure no side bias would occur from the vessel.  For each tow, 
the try net was fully retrieved and the cod-end was emptied into a basket for each net.  
 
Figure 1.7: The general area inshore near Pascagoula, MS where the TED evaluations in the 8-ft 
try net occurred. Testing occurred just outside of Pascagoula and Ocean Springs, MS as indicated 
with the marker. 
 
After the 30 tows were completed inshore, shrimping was conducted outside of the two-
mile coastal radius to test the 10-ft (3.05-m) try net in offshore waters from 19-21 September 
2017.  Offshore regulations require either a 71-in (180-cm) or a double cover opening to allow 
for large turtle escapement.  The small grid size would not accommodate a 71-in (180-cm) 
opening, so the TED was equipped with two 30 (long) x 60 (across) flaps of 1.625-in (4.13-cm) 
poly webbing (UNO2017-4B) following current guidelines for the Double Cover TED opening 
(NMFS 2019b).  An additional 30 tows were conducted with TED ID UNO2017-04B with the 
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same 40 mesh x 120 mesh extension attached between the front of the TED and the aft portion of 
the net.  The tows were completed over two separate trips and only the tows conducted with the 
proper double cover opening were considered in the analysis. 
 
Figure 1.8. The general area offshore between Mississippi and Louisiana where the TED 
evaluations in the 10-ft try net occurred.  
 
To conduct catch comparisons, for each net, the shrimp were separated by species and 
then counted and weighed.  All bycatch was separated into the following categories and weighed 
to the nearest hundredth of a kilogram: finfish; crustaceans; jellyfish, cnidarians, and 
ctenophores; other invertebrates; debris; and elasmobranchs.  All elasmobranchs were weighed 
and measured separately (Appendix 1).  In addition to recording data on the catch, for each tow 
the GPS coordinates, water depth, and vessel speed were taken for the start and the end of the 
tow.  Any obstructions or issues encountered with the nets were recorded as well.  
Observational and Statistical Analysis 
Part One: Try Net Gear Evaluations 
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The relative efficiency of each prototype TED that was evaluated was compared to that of 
a control try net tested under the same conditions.  Further analysis for this portion of the data 
included observational changes through the analysis of video footage of the testing procedures, 
and comparison of measurements between the nets equipped with a TED and the control.  The 
main factors for deciding on the prototypes to be tested in catch evaluations (in addition to 
observations from video footage) were effects on headrope height, net spread, height of the TED 
from the ocean floor, and flap seal of the TED.  This was determined by calculating the 
difference in headrope height, footrope height, net spread (control-experimental), and percent 
change for net spread using Microsoft Excel. 
Part 2: Try Net Catch Evaluation 
For the catch retention testing, all statistical analyses were done using either Microsoft 
Excel or R-Studio.  Because a different cover and try net was used in the inshore and offshore 
testing, those data sets were evaluated separately and because there is a minimum of 30 paired 
tows for each TED tested, normality was assumed for the data sets.  A Shapiro-Wilk normality 
test was conducted and a p-value >0.05 (p=0.9945), implying that the distribution of the data 
were not significantly different from a normal distribution.  Data from all shrimp retention 
testing were converted to catch/hour (kg/hour) to show catch per unit effort (CPUE).  The mean 
catch (kg) and standard deviations were calculated for shrimp, bycatch categories, bycatch as a 
whole, and total catch and compared for the control net and experimental net.  The percent 
difference in catch and corresponding lower and upper 95% confidence intervals were calculated 
for all shrimp and bycatch categories to determine the associated reduction of shrimp and all 
bycatch categories using Equation 1.1: 
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% Difference =[(Experimental-Control)/Control] x 100 
A paired t-test assuming no difference between the means was used to determine the statistical 
difference of the means between the catch in the control trawl and that in the experimental (TED) 
trawl with an alpha value=0.05.  This was done for shrimp, bycatch as a whole, total catch, and 
then bycatch categories. For shrimp catch, bycatch as a whole, and total catch, box plots and 
histograms were created to compare the control and experimental (TED) catches with 
corresponding p-values.  The overall change in catch composition (percent of total catch) was 
also compared and then displayed visually with a pie chart.  For all shrimp, an average number 
of shrimp per kg was calculated for each net per tow to identify if there was a change in average 
shrimp size between the TED and control trawls.  A paired t-test assuming no difference between 
the means was then used to determine the statistical difference of the average number of 
shrimp/kg for the control trawl and that in the experimental (TED) trawl with an alpha 
value=0.05 
For all testing, there were tows where obstructions in the net were observed (crab pots, 
branches, etc., stuck in net).  Those data sets including the tows with obstructions were kept in 
the analysis if a complete tow was completed as it is a true representation of fishing conditions 
and potential impacts of the TED.  Lastly, other factors that could influence net performance 
including vessel speed, water depth, and seasonal-temporal changes were evaluated.  For each 
data set, an average, minimum, and maximum tow speed and tow depth were calculated. 
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Results 
Part One: Small Specialized TED Development 
 Prior to testing the impacts of TED use on the try nets, testing was done with divers on 
the control trawl with no modifications to find the proper gear configurations including bridle 
length and door size to allow for the proper opening of the net and safe distance behind the R/V 
Caretta to allow for divers.  The majority of testing was conducted with the 10-ft try net which 
was initially set up with 10x16-in (25.4x41.6-cm) plywood doors with 0.5-in (1.3-cm) iron on 
the port side and 0.38-in (0.97-cm) iron on starboard side.  After two tows, the doors were not 
providing a sufficient opening of the net so the 12x24-in (30.5x61-cm) plank doors with 0.5-in 
(1.3-cm) iron on both sides were used for the remainder of testing with the 10-ft try net.  The net 
appeared slightly overspread when it was not equipped with the TED, but was an improvement 
from the initial testing with the 10x16-in (25.4x41.6-cm) doors. 
For the TEDs evaluated, net spread was reduced between 0.5% to 16.6% with the lowest 
reduction of spread in the net equipped with UNO2017A and greatest reduction of spread with 
UNO2017D (Table 1.4).  Changes in headrope height varied form no change with UNO2017F 
and a 4.5-in (11.4-cm) increase for the UNO2017C TED.  Footrope height also varied from no 
change to a 1.5-in (3.8-cm) difference.  When comparing UNO 2017-A (26x 30-in (67x77-cm) 
oval TED and UNO 2017-F (28 x 24-in (71 x 61-cm) tombstone TED, UNO2017-F (Figure 1.5) 
remained above the seafloor ranging from 3-9 inches throughout the duration of the tow and the 
small oval TED ranged from no height to 4 inches throughout the duration of the trawl.  Of the 
prototypes evaluated, UNO2017C and UNO2017F TEDs were considered the best fit for small 
trawls with the UNO2017F recommended for try net catch retention trials (Table 1.4). 
23 
 
Table 1.4. The individual TEDs evaluated and the impacts on the net function and form from 
measurements taken in water and compared to the control net. Note: TS=Tombstone; 
Al=Aluminum, if Al is not noted then TED is built with stainless steel rods. 
 
TED and Net Classification TED Measurements  Difference (Control-Exp.) 
 
TED ID TED Design (in) _ 
Net Size 
(ft) 
TED 
Height  
TED Flap 
Seal 
Headrope 
Height (in) 
Footrope 
Height (in) 
Net Spread 
(in) % Change 
UNO2017-A 26x30 Oval 10  0-3 4 -0.5 -0.5 -0.5 -0.53% 
UNO2017-B 28x30 Oval 10 0-1 6 -4 +1.5 -9.0 -10.59% 
UNO2017-C 28x28 TS 10 0-1 9 -4.5 +1.5 -2.5 -3.18% 
UNO2017-D 28x30 Oval (Al.) 10 6 8 -1 +0 -16.0 -16.67% 
UNO2017-E 33x32 Oval 10 0-1 8 -2.5 +1.5 +11.0 -12.09% 
UNO2017-F 28x24 TS 10 3-9 8 -1 0 -10.0 -10.42% 
UNO2017-F 28x24 TS    8 9 8 0 0 -6.0 -8.82% 
 
 
 
Figure 1.9: D. coriacea model going through a 28 x 24-in (71 x 61-cm) tombstone TED on deck 
and underwater. 
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Figure 1.10: One-year-old (left) and three-year-old (right) captive reared C. caretta sea turtles 
escape from 28 x 24-in (71 x 61-cm) Tombstone TED installed in 10-ft try net. 
To evaluate sea turtle escapement, the D. coriacea model was successfully pushed through the 
UNO 2017-F TED (28 x 24-in(71 x 61-cm)) both on the deck of the vessel and in the water 
while under tow (Figure 1.8). Both one-year-old C. caretta turtles escaped from the tombstone 
TED, while the three-year-old C. caretta turtle also escaped but prior to exiting the TED, 
attempted to swim out the mouth of the trawl and was subsequently turned around by divers 
(Figure 1.10).  
Part Two: Catch Evaluations 
 A total of 30 successful comparative tows were conducted on inshore fishing grounds in 
Mississippi Sound (Figure 1.7) aboard the R/V Caretta with a try net with an 8-ft (2.4-m) 
headrope length and the UNO2017F TED with 44-in (111.8 cm) opening.  Overall, the tow speed 
averaged 2.92-kts. and depth in the towing area averaged 9.80-ft (2.99-m).  During this portion 
of the testing, L. setiferus was the only shrimp species encountered.  L. setiferus catch was also 
reduced significantly by 8.47% (p=0.0142), total catch was significantly reduced by 22.4% 
(0.0015), and bycatch was reduced significantly by 24.7% (p=0.0020) in the net equipped with 
the TED (Table 1.5; Figure 1.11).   
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Table 1.5. The mean total catch, shrimp, and bycatch differences and associated 95% CIs for 
catch evaluations completed in the 8-ft try net with a 44-in cover tested in Mississippi Sound. P-
values indicate the results of paired t-tests (number of tows = 30). Cten./Cni. Represents 
cnidarians and ctenophores (true jelly and comb jelly captured and elasmo represents all 
elasmobranch species). Significance was calculated using a two tailed paired t-test (alpha=0.05).   
Control % Difference in Catch  
N 
Tows 
Mean 
Catch(kg) 
St. 
Dev. 
Mean 
Catch(kg) 
St. 
Dev. 
L 95% 
CI 
Mean 
95% 
U 95 
% CI 
P 
Value 
Shrimp 30 0.64 0.37 0.61 0.40 -1.56 -8.47 -15.39 0.0142 
Finfish 30 2.75 1.12 2.00 1.46 -15.43 -27.27 -39.12 0.0007 
Invert. 30 0.17 0.18 0.05 0.08 -26.56 -67.72 -108.87 0.0051 
Crust. 30 0.09 0.16 0.05 0.13 13.13 -47.33 -107.78 0.1309 
Debris  30 0.12 0.18 0.04 0.07 -12.66 -64.09 -115.52 0.0078 
Cten./Cni. 30 0.66 0.49 0.73 0.74 60.70 10.80 -39.10 0.6362 
Elasmo. 30 0.07 0.35 0.03 0.15 134.63 -55.14 -244.91 0.5827 
Bycatch 30 3.82 1.37 2.89 1.65 -11.74 -24.37 -36.99 0.0020 
Total  30 4.46 1.51 3.47 1.51 -10.64 -22.09 -33.55 0.0015 
 
 
Figure 1.11: The percent difference of catch between the control and experimental (TED) try net 
calculated using based on Equation 1.1 (% Difference =[(Experimental-Control)/Control] x 100 
for target species (shrimp), finfish, invertebrates, crustaceans, debris, cnidarians/ctenophores, 
and elasmobranch. The positive value for ctenophores represents an increase in catch with the 
TED whereas the other categories had a reduction in catch. 
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When converted from 30-minute tows to represent CPUE in kg/hour, in the control trawl, 
and for shrimp only, the minimum catch was 0.24 kg/hour, maximum catch was 1.78 kg/hour, 
and average catch was 0.64 kg/hour.  For the experimental try net equipped with a TED for 
shrimp only, the minimum catch was 0.10 kg/hour, maximum catch was 1.7 kg/hour, and 
average catch was 0.61 kg/hour (Table 1.5; Figure 1.12).  For bycatch in the control trawl, the 
minimum bycatch was 1.62 kg/hour, maximum bycatch was 6.50 kg/hour, and average catch was 
3.46 kg/hour.  For the experimental try net equipped with a TED, the minimum bycatch was 0.76 
kg/hour, maximum bycatch was 8.94 kg/hour, and average bycatch was 2.89 kg/hour.  For total 
catch in the control trawl, the minimum catch was 3.83 kg/hour, maximum catch was 8.28 
kg/hour, and mean catch was 4.46 kg/hour.  For the experimental try net equipped with a TED, 
the minimum total catch was 1.26 kg/hour, maximum catch was 9.36 kg/hour, and mean catch 
was 3.47 kg/hour. (Table 1.5; Figures 1.9, 1.11). 
 
Figure 1.12: Box plots depicting the catch results in kg for 8-ft try net inshore (44-in opening) 
equipped with a 28 x 24-in top-opening tombstone TED (0 total paired tows paired tows for each 
net (n=30).  
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Figure 1.13 The distribution for shrimp catch only with a density plot for both the control and 
experimental (TED) in the 8-ft try net.  
 
Of the 30 tows completed with the 8-ft try net inshore, on average there were 100 shrimp per kg. 
(45 shrimp/lb) in the control trawl and 96 shrimp per kg. (43 shrimp/lb) in the experimental trawl 
equipped with a TED.  Using a paired t-test to evaluate the shrimp size difference between the 
control and experimental net equipped with a TED, there was no significant difference between 
the two nets (p=0.1208; Table 1.6).  
Table 1.6: The Average shrimp/kg and descriptive statistics for the control and experimental net 
for the observed 30 tows in the 8-ft try net inshore. 
 
Control Exp. (TED) Mean Difference 
 
N 
Tows 
Avg. 
Shrimp/Kg 
St. 
Dev. 
Avg. 
Shrimp/Kg 
St. Dev. U 95% 
CI 
% Dif. L 95 
% CI 
P-Value 
30 100 27.89 96 24.98 -14.938 -4.50 5.93 0.1208 
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Figure 1.14: The distribution for shrimp catch only with a density plot for both the control and 
experimental (TED) in the 8-ft try net.  
 
Bycatch was then evaluated by category and there was a statistically significant reduction 
of finfish (27.27% loss; p=0.0007), invertebrates (67.72% loss; p=0.0051), and debris (47.33% 
loss; 0.0078).  There was also a reduction of crustaceans (47.33%; p=0.1309) and elasmobranchs 
(55.14% loss; p=0.5827) however sample sizes were small and not statistically significant.  The 
only increase occurred for cnidarians and ctenophores (true jellyfish and comb jellies) with a 
10.8% increase (p=0.6362) in catch with the TED (Table 1.5; Figure 1.11).  
Lastly, the catch composition was evaluated looking at the change as a percent of the 
total catch for target species and bycatch species by category.  For both the control and 
experimental try nets, finfish made up the majority of the catch (61.62% control and 57.52% 
experimental) followed by shrimp (14.30% control and 16.79% experimental), 
cnidarians/ctenophores (14.82% control and 21.07% experimental), invertebrates (3.80% control 
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and 1.57% experimental), debris (2.71% control and 1.25% experimental), crustaceans (1.96% 
control and 1.32% experimental), and elasmobranchs (1.60% control and 0.92% experimental) 
(Table 1.7; Figure 1.15). 
Table 1.7: The catch composition (percent of total) for the control and experimental nets for 
both try nets evaluated Ntows=30.  
Catch Composition for 8-ft Try Net 
 Control Exp. (TED) 
Shrimp 14.30% 16.79% 
Finfish 61.62% 57.52% 
Invertebrates 3.80% 1.57% 
Crustaceans 1.96% 1.32% 
Debris  2.71% 1.25% 
Cni./Cteno. 14.82% 21.07% 
Elasmobranchs 1.60% 0.92% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.15: The catch composition as a portion of the whole for the control and experimental 
(TED) try nets. The majority of catch for both nets was finfish with the second greatest (by 
weight) contributor cnidarians and ctenophores (jellyfish and comb jelly) and then shrimp.  
Following the inshore testing, a total of 30 successful comparative tows were conducted on 
offshore fishing grounds (categorized as the area outside of 2 miles from coast) between 
Louisiana and Mississippi. Testing was also done aboard the R/V Caretta with a try net with a 
10-ft (3.05-m) headrope length and the UNO2017-F TED with the double cover escape opening.  
16.79%
57.52%1.57%
1.32%
1.25%
21.07%
0.92%
Shrimp
Finfish
Invertebrates
Crustaceans
Debris
Ctenophores
Elasmobranchs
14.30%
61.62%
3.80%
1.96%
2.71%
14.82%
1.60%
    Catch Composition for 8-ft. Try Net Evaluations 
       Control    Experimental (TED) 
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Overall, the tow speed averaged 2.89-kts. and depth in the towing area averaged 144.68-ft 
(44.10-m).  
Table 1.8: The mean total catch, shrimp, and bycatch differences and associated 95% CIs for 
catch evaluations completed in the 10-ft try net with a double cover tested offshore LA and MS. 
P-values indicate the results of paired t-tests (number of tows = 30). Cten./Cni. Represents 
cnidarians and ctenophores (true jellyfish and comb jelly).   
Control Exp. (TED) Catch Difference  
N 
Tows 
Mean 
Catch(kg) 
St. 
Dev. 
Mean 
Catch(kg) 
St. 
Dev. 
L 95% 
CI 
Avg. 
% Dif. 
U 95% 
CI 
P Value 
Shrimp 30 2.19 1.15 1.75 0.73 -35.58 -20.09 -4.60 0.0119 
Finfish 30 2.91 1.43 2.91 1.48 -18.85 -5.82 +7.22 0.3833 
Invert. 30 0.05 0.13 0.02 0.02 -158.10 -67.09 +23.92 0.1331 
Crust. 30 1.50 0.93 0.92 0.72 -64.05 -38.84 -13.63 0.0098 
Debris  30 1.13 3.13 0.56 1.20 -136.76 -50.29 +36.17 0.1584 
Cni/ 
Cten 
30 2.28 6.35 1.37 3.47 -112.90 -40.11 +32.69 0.1404 
Bycatch 30 7.88 6.36 5.62 3.33 -50.89 -28.75 -6.60 0.0061 
Total 30 10.10 5.93 7.37 2.95 -10.19 -27.07 -10.19 0.0013 
 
During the testing offshore, F. aztecus were the only shrimp species encountered.  The 
catch of F. aztecus was reduced significantly in the TED try net by 20.1% (p=0.0199), total 
catch was significantly reduced 27.2% (p=0.0013), and bycatch was reduced significantly by 
28.7% (p=0.0061).  All bycatch categories were reduced and there was a statistically significant 
reduction of crustaceans by 38.84% (p=0.0098).  There was also a reduction (however not 
statistically significant) of finfish (5.82% reduction; p=0.3833), invertebrates (67.09% reduction; 
p=0.1331), debris (50.29% reduction; p=0.1584), and cnidarians and ctenophores (40.11%; 
p=0.1404).  No elasmobranchs were caught in either nets during this portion of the study (Figure 
1.8; Figure 1.16) 
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Figure 1.16: The percent difference of catch between the control and experimental (TED) try net 
calculated using based on Equation 1.1 (% Difference =[(Experimental-Control)/Control] x 100 
for target species (shrimp), finfish, invertebrates, crustaceans, debris, cnidarians/ctenophores, 
and elasmobranch. Note, the negative values show that the TED caused a reduction of catch for 
each category. 
When converted from 30-minute tows to represent catch (kg) per hour, for shrimp only in 
the control trawl, the minimum shrimp catch was 0.36 kg/hour, maximum catch was 5.40 
kg/hour, and average catch was 2.19 kg/hour.  For the experimental try net equipped with a TED, 
the minimum catch was 0.38 kg/hour, maximum catch was 3.38 kg/hour, and average catch was 
1.75 kg/hour (Figure 1.8; Figure 1.17).  For bycatch overall in the control trawl, the minimum 
bycatch was 1.08 kg/hour, maximum bycatch was 13.44 kg/hour, and average bycatch was 3.94 
kg/hour.  For the experimental try net equipped with a TED, the minimum bycatch was 0.32  
kg/hour, maximum catch was 7.98 kg/hour, and average bycatch was 2.81 kg/hour.  For total 
catch in the control trawl, the minimum catch was 3.98 kg/hour, maximum catch was 28.52 
kg/hour, and average catch was  kg/hour.  For the experimental try net equipped with a TED, the 
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minimum catch was 0.32  kg/hour, maximum catch was 7.98 kg/hour, and average catch was 
2.81 kg/hour. 
 
Figure 1.17: The Catch evaluations for the 10-ft try net offshore (DC opening) both equipped 
with a 28 x 24-in top-opening tombstone TED. Total number of paired tows for each net (n=30). 
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Figure 1.18: Density plot of shrimp catch (kg) for both the control and experimental (TED) 10-ft 
try net. 
 
Of the 30 tows in the 10-ft try net offshore, on average there were 52 shrimp/kg (24 shrimp/lb) in 
the control trawl and 50 shrimp/kg (23 shrimp/lb) in the experimental trawl equipped with a 
TED.  Using a paired t-test to evaluate the shrimp size difference between the control and 
experimental net equipped with a TED, there was no significant difference between the two nets 
(p=0.2111; Figure 1.9).  
Figure 1.9: The average shrimp/kg and descriptive statistics for the control and experimental net 
for the observed 30 tows in the 10-ft try net offshore and results of a two-tailed paired t-test. 
 
Control Exp. (TED) Mean Difference 
 
N 
Tows 
Avg. 
Shrimp/Kg. 
St. Dev. Avg. 
Shrimp/Kg 
St. Dev. U 95% 
CI 
% Dif. L 95 
% CI 
P Value 
30 52 7.21 50 7.69 -9.07 -3.53 2.01 0.2111 
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Figure 1.19: Density plot of shrimp catch (kg) for both the control and experimental (TED) in 
the 10-ft try net. 
 
The change in bycatch was further evaluated by categories to see where the major 
reductions were occurring.  Bycatch was categorized into finfish, invertebrates (non-shrimp), 
crustaceans, debris, cnidarians and ctenophores (true jellyfish and comb jellies), and 
elasmobranchs.  During the offshore testing, no elasmobranchs were encountered so they are 
excluded from the catch composition analysis.  Lastly, the catch composition was evaluated 
looking at the change as a percent of total catch for target species (L. setiferus and F. aztecus) 
and bycatch species by category.  Overall for both the control and experimental try nets, finfish 
made up the majority of the catch (28.83% control and 39.54% experimental) followed by F. 
aztecus (21.68% control and 23.76% experimental), cnidarians/ctenophores (22.62% control 
and 18.57% experimental), crustaceans (14.85% control and 12.45% experimental), debris 
(11.21% control and 7.64% experimental), and invertebrates (0.52% control and 0.24% 
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experimental; Figure 1.8; Figure 1.16). 
Table 1.10: The catch composition (percent of total) for the control and experimental nets for 
both try nets evaluated Ntows=30.  
 
Catch Composition for 10-ft Try Net 
 Control    Exp. (TED) 
Shrimp 21.68% 23.76% 
Finfish 28.83% 39.54% 
Invertebrates 0.52% 0.24% 
Crustaceans 14.85% 12.45% 
Debris  11.21% 7.64% 
Cnidarians/ 
Ctenophores 
22.62% 18.57% 
 
 
 
 
 
 
 
 
 
 
Figure 1.20. The catch composition as a portion of the whole (Table 1.11) for the control and try 
net. The majority of catch for both nets was finfish with the second greatest (by weight) 
contributor cnidarians and ctenophores (jellyfish and comb jelly) and then shrimp.  
 
Discussion 
Overall, this study showed that try nets with a headrope length less than 12-ft would be 
able to accommodate a small specialized TED as an alternative method to tow time limits, 
however there was an associated shrimp loss.  Additional and more robust catch retention 
evaluations with versions of the 28 x 24-in TOTS TED we evaluated would provide more insight 
23.76%
39.54%
0.24%
12.45%
7.64%
18.57%
Brown Shrimp
Finfish
Invertebrates
Crustaceans
Debris
Ctenophores
21.68%
28.83%
0.52%
14.85%
11.21%
22.62%
    Catch Composition for 10 ft. Try Net Evaluations 
    Control         Experimental (TED) 
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on the source of shrimp loss.  The gear evaluations conducted in Panama City, FL showed that 
the smallest TEDs (UNO 2017A and F) had the least influence on the shape and function of the 
two try nets in regards to changes in headrope height, footrope height, net spread, height of the 
TED from the seafloor, and flap seal (Table 1.4, Figure 1.5).  A minimum grid height of 24-in 
(61-cm) and width of 28-in (71-cm) is recommended for a tombstone or “D-shaped” TED.  This 
grid size still allows for a sufficient opening for turtle escapement as seen with the modified 
small turtle testing protocol and large leatherback escapement tests done, but is still light enough 
to be equipped in small try nets.  All of the prototypes evaluated still aligned with current TED 
regulations and requirements with the only modification being the size of the grid itself (NMFS 
2019b).  
When compared to the 2009 gear evaluations conducted by NMFS with a legal-sized 
32x32-in TED in a 12-ft (3.66 m) try net, there were improvements in the gear performance and 
less distortion with the 28 x 24-in (71 x 61-cm) TED.  Results from the prior testing 
recommended the use of a lighter weight material if using a legal sized TED (32x32-in (81x81-
cm)) such as 0.5-in (1.3-cm) aluminum rod (NMFS 2009).  However, the stainless steel rods 
used in the UNO 2017-F TED with 3-in(7.6-cm) bar spacing were favorable in comparison to the 
aluminum frame that was lighter in weight, but of a larger diameter for both the frame and the 
bars (Figure 1.4). Reducing any additional drag associated with the TED increased the trawling 
efficiency, which was seen with the small 28 x 24-in (71 x 61-cm) grid made of stainless steel 
rods.  For try nets and other small gear types utilized inshore in shallow waters (<60 ft (18-m)), 
the capture of small turtles is the main concern and is why a top-opening configuration with the 
three-in bar spacing and light webbing for the flap was used in all designs tested (NMFS 2016).     
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Other modifications were made throughout the Panama City testing and factors such as 
door size, float type, and the net design contributed to the function of the try net when equipped 
with a TED.  Some modifications might need to be made by fishermen if the installment of the 
TED is affecting gear performance.  The TED reduced the spread of the try net, so a larger door 
size than typical might be necessary to accommodate the additional weight associated with a 
TED that might influence the opening of the net.  If the net is fishing lighter, float modifications 
can be made or extra weight can be added to the footrope (NMFS 1996).  Lastly, the use of an 
additional extension was necessary to allow for a smoother taper and fit when a TED was 
inserted into both the 8-ft and 10-ft try nets (Figure 1.5).  The extension should not be excessive 
in length which could cause the trawl to constrict or “bottleneck” ahead of the TED and prevent 
the escapement of larger turtles (NMFS 1996).  This type of modification would be dependent 
upon the net design and taper, but in small nets like the ones evaluated in this study, the use of a 
straight 30 mesh x 120 mesh extension allowed for a smooth transition between the TED and try 
net.  
For the catch evaluations, there was a significant decrease in shrimp catch, bycatch, and 
total catch in both the 8-ft try net inshore and 10-ft try net offshore when equipped with a TED. 
During the inshore testing in a TED with the 44-in inshore escape opening, we saw relatively 
low shrimp loss (8.47% on average).  The catches in both the control and experimental trawl 
equipped with a TED were small on average (0.64 kg in the control and 0.61 kg in the 
experimental) and although the 0.03 kg difference in weight is fairly negligable from a biological 
standpoint, it was statstically significant (Table 1.5; Figure 1.10).  The size of the L. setiferus 
caught was small on average in both the control and experimental nets with slightly larger 
shrimp seen in the net equipped with a TED. (Tables 1.6; 1.9).  The shrimp loss could possibly 
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be attributed to smaller shrimp escaping through either the webbing of the extension or the 
escape opening.  When compared to the TED evalatuations done in the 11-ft 9-in try net by 
NMFS in 2010, the smaller specialized TED showed a slight improvement in L. setiferus 
catchability and similar catchability overall for the combined shrimp species in 2010 (8.47% loss 
in 2017 compared to the 15.92% L. setiferus loss and 8.65% combined shrimp loss in 2010; 
NMFS data unpublished 2010).  
The highest shrimp loss occurred in the offshore testing with an average reduction of F. 
aztecus by 20.09% in the 10-ft try net equipped with a TED with a double cover escape opening. 
This high level of shrimp loss may be explained by higher concentrations of larger shrimp 
encountered offshore or performance of the double cover flap.  There was not a significant 
difference in shrimp size between the control and experimental trawls, but similarly to the inshore 
testing, the shrimp in the experimental try net equipped with a TED were slightly larger than the 
control.  This indicates that there could be loss of smaller shrimp through either the escape 
opening or extension of the TED, similary to the inshore testing.  Since the shrimp were large on 
average and catches were small overall, the loss of even a few shrimp could have a strong impact 
on the percent reduction (Tables 1.6; 1.9).  When compared to the TED evalatuations done by 
NMFS in 2010,  we saw a lower catchability and greater shrimp loss for F. aztecus and 
combined shrimp species (8.47% loss in 2017 compared to the 15.92% L. setiferus loss and 
8.65% combined shrimp loss in 2010; NMFS data unpublished 2010).  In general, grid blockages 
are the most common occurrence of shrimp loss with approved TEDs, which could have 
contributed to the shrimp loss seen during both catch evaluations (Eayrs 2007).  
The testing conducted offshore was also at much greater depths compared to the work 
done inshore and in Panama City which could have impacted the catchability of the TED.  In 
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typical shrimping conditions, a try net is set with the larger nets deployed behind them, which 
stabilizes the gear in deeper waters (Sainsbury 1996).  In our studies, the try nets were deployed 
without larger nets which could have impacted the performance.  For future testing, it would be 
recommended that testing of try nets be done with larger rigs deployed behind them or another 
method to stabilize the try nets in deeper waters and better simulate true shrimping conditions if 
possible.  Hard-grid TEDs are meant to work best for turtle exclusion and shrimp retention when 
operating at a 45-degree angle which is an important factor in preventing commercial loss 
(Mitchell et al., 1995).  However since we saw high levels of shrimp loss, testing the same 
configuration of the small TED at a 50 or 55-degree angle might aid in the reduction of shrimp 
loss, especially in regards to the double cover opening offshore. 
If try nets equipped with TEDs are experiencing a high reduction of shrimp and bycatch, 
as we observed in the offshore testing, it might not accurately depict what will be caught in the 
large otter trawls when deployed.  Try nets are not considered “production nets” (FWCC 2017) 
but are instead used to test concentrations of shrimp in fishing areas.  Nevertheless, it is still 
important to continue efforts to minimize the catch reduction obseved in our testing.  The use of 
try nets allows shrimpers to determine how long the trawls will remain set before retrieval or if 
they should move to more lucrative fishing grounds (NMFS 2016).  The reduction of shrimp 
could be considered a hinderence to fishermen in determining the shrimp concentrations in an 
area. 
Although no turtles were encountered during the catch evaluations of this study, observer 
data indicate that C. caretta, L. kempii, and C. mydas sea turtles are regularly captured in try nets 
(NMFS observer data unpublished 2018).  The catch evaluations conducted offshore were done 
in waters with an average depth of 144.7 ft (44.1-m).  Incidental turtle capture of turtles in deep 
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waters such as these has a higher threat to turtles as they are more likely to experience gas 
embolisms from decompression sickness and post-release mortality if captured in deeper waters 
(García-Párraga et al., 2014; Fahlman et al., 2017).  When regulations first required TEDs in try 
nets with headrope lengths < 12-ft, many shrimp trawlers opted to use a small try net rather than 
equip a larger (example: 16-ft) try net with a TED as it was felt that small trawls could not 
accommodate a legal sized, 32x32-in TED (NMFS 2010). 
In conclusion, the gear evaluations conducted in Panama City, FL and inshore testing 
show that try nets could be accommodated with a TED as an effort to reduce sea turtle bycatch in 
lieu of tow time restrictions; however, the current designs are associated with shrimp loss that 
may be unfavorable to fishermen.  Additional testing with alterations to a 28 x 24-in TOTS TED 
in small try would help gain a better understanding of the source of shrimp loss.  Further 
evaluations in a range of try nets and areas, especially for the offshore opening, should be 
conducted before TEDs are utilized in the try net fishery.  
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Chapter 2  
Development of Specialized Turtle Excluder Devices (TEDs) Designed to Eliminate Bycatch of 
Sea Turtles in Skimmer Trawls in Vessels <26-ft (7.92-m) in Length 
 
Introduction:  
 Current regulations for the southeast shrimp fishery exclude certain gear types including 
skimmer trawls on vessels of all lengths (see Chapter 1).  These gear types are instead required to 
adhere to tow-time limits of 55 minutes from April to October and 75 minutes from November to 
March (NMFS 2008; NMFS 2014).  Skimmer trawls were exempt because they are continuously 
fished while the tailbag is retrieved and emptied at intervals, which allows for better chance of 
bycatch survival (Rudershausen and Weeks 1999).  Skimmer trawls were developed in the 1980s 
to primarily catch L. setiferus in Louisiana (Hein and Meier 1995).  This gear type was developed 
primarily because shrimpers noticed that the L. setiferus were jumping over the cork line of the 
trawls when they were towed in shallow water.  The skimmer trawl design allows the net to 
remain elevated above the water when fishing and prevents shrimp from escaping over the top 
and was primarily designed by shrimpers in Barataria, Louisiana (Fritchey 1989).   
Skimmer trawls closely resemble butterfly nets and the gear types are now used 
interchangeably in Louisiana.  They are pushed alongside the vessel ahead of the propeller wash 
and are always used in pairs (twin rig design).  This approach is in contrast to the use of otter 
trawl nets and try nets which are towed behind the vessel and require boards to maintain the 
spread of the net (Hein and Meier 1995).  Skimmer nets are held open by a metal frame and 
fished continuously with no interruption in trawling.  When the nets are deployed and actively 
fishing, they are perpendicular to the vessel and slightly tilted upward and forward to better fish 
and prevent damage to the gear.  The bottom of the gear is comprised of tickler chains and lead 
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lines and the weight and chain size of the gear varies depending on the area fished and personal 
preference of the fishermen.  To begin fishing activity, the skimmer frame and bullets are 
lowered to the desired depth and then the webbing and tickler chain are released overboard.  To 
haul the catch, only the cod ends are retrieved and brought on board, and the nets are 
continuously pushed to maximize effort (Hein and Meier 1995).  There was an increased 
popularity of skimmer trawls used in the Gulf of Mexico, partially because they do not require 
TEDs (NMFS et al., 2010).  From 1992-1998, the number of skimmer vessels <24-ft in 
Louisiana increased from 1,045 to 1,490 and accounted for a major portion of registered 
skimmer trawls (LDWF 2000).  
Skimmer trawls, especially those with small vessel size, allow fishermen to operate at 
shallow depths which is especially beneficial in nearshore waters in Louisiana.  Although 
primarily designed to target L. setiferus, skimmer trawls also allow fishermen to target F. aztecus 
(Bourgeois 2003).  In the northern Gulf of Mexico, skimmer trawls may operate year round but 
the peak months for F. aztecus landings are May – August and peak landings for L. setiferus are 
from August – December (LDWF 2000). 
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.  
Figure 2.1: Diagram of a typical skimmer trawl (Hein and Meier 1995). 
 
A significant level of research has been conducted on skimmer trawls in the Gulf of 
Mexico and Southeast Atlantic shrimp fishery; however this research has been restricted to larger 
vessels (Scott-Denton et al., 2006; Price and Gearhart 2011; Pulver et al., 2012; Scott Denton et 
al., 2012; Pulver et al., 2014; Scott Denton et al., 2014; Federal Register 2016).   During TED 
evaluations aboard skimmer vessels from North Carolina in 2010, a total of three L. kempii 
captures were observed in skimmer trawls not equipped with TEDs, and all turtles were released 
alive (Price and Gearhart 2011).  From 2010-2011 there was an increase in sea turtle strandings in 
the Gulf of Mexico, mostly around Mississippi Sound.  Necropsies of the stranded turtles 
indicated that the cause of mortality could likely be due to forced submergence for many of the 
strandings (Pulver et al., 2012).  
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The interest in potential causes for the increase in sea turtle strandings encouraged NMFS 
to initiate observer coverage of the fishery and mandatory observer coverage in the Gulf of 
Mexico skimmer trawl fishery began in May of 2012 (Pulver et al., 2012).  Observations have 
revealed that sea turtle bycatch is occurring throughout the fishery and that fishermen often 
exceed tow time limits (Scott-Denton et al., 2006; Pulver et al., 2012; Pulver et al., 2014; Scott-
Denton et al., 2014).  In the 2012 observer program, twenty-four sea turtle captures were observed 
and approximately more than half of those captured were small enough to pass through the 
maximum 4-in (10.16 cm) TED bar spacing (Epperly and Stokes 2012).   
In 2012, NMFS first published a proposed rule to withdraw the alternative tow-time 
restriction and instead require all skimmer trawls, pusher-head trawls, and wing nets (butterfly 
trawls) to use TEDs with the intent of reducing incidental sea turtle bycatch and mortality 
(Federal Register 2012).  The proposed rule was then withdrawn as a result of many factors in 
February 2013 (Federal Register 2013; Pulver et al., 2014).  Mandatory observer coverage was 
then implemented again for 2013 to gain further information on the skimmer trawl fishery and a 
total of eight turtle captures were observed for 2013 (Pulver et al., 2014).  However, observer 
coverage of the skimmer trawl fishery has been limited to vessels greater than 23-ft (7.01-m), so 
potential interactions for small vessels has yet to be observed. 
As of 2011, there were no actual estimates of takes of L. kempii turtles in skimmer trawls 
and only C. caretta takes were observed (NMFS et al., 2011).  However, it is likely that 
interactions do occur for L. kempii turtles as well, but at lower levels than C. caretta, because 
they are present in the areas where skimmer vessels are used (NMFS et al., 2010).  In 2010 after 
an increase in sea turtle strandings in the northern Gulf of Mexico, there was an increased interest 
in the potential for sea turtle interactions in skimmer trawls.  This led NMFS to initiate observer 
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coverage of the fishery.  Observations revealed that sea turtle bycatch is occurring throughout the 
fishery and that fishermen often exceed tow time limits (Scott-Denton et al., 2006; Pulver et al., 
2012; Pulver et al., 2014; Scott-Denton et al., 2014).   
In addition to observer data, in recent years there has been an increased effort of satellite 
tagging of sea turtles in the northern Gulf of Mexico.  Satellite tagging helps provide information 
on distribution, seasonal movements, and habitat use for sea turtles across different life stages and 
multiple species and has only recently been available for high-use areas in the Gulf of Mexico 
(Hart et al., 2013, Hart et al., 2014, Foley et al., 2013, Shaver et al., 2013, Shaver et al., 
2016).  The Bureau of Ocean Energy Management (BOEM) has been using trawling equipment to 
capture, satellite tag, and relocate sea turtles away from high risk dredging and activity.  As of 
2018 a total of 26 individual (10 L. kempii and 16 C. caretta) sea turtles have been captured, 
marked, and satellite tagged as a part of this study by the United States Geological Survey 
(USGS; Figure 2.2; Hart and Lamont 2018).  
50 
 
 
Figure 2.2: An identified model of potential habitat for L. kempiis (blue) and C. caretta (red) in 
the Gulf of Mexico from satellite tracking data. Image from USGS 2019. 
 
Shaver et al., (2013, 2016) used analysis of long-term satellite tracking data for L. kempii 
and C. caretta turtles in the Gulf of Mexico and results suggested critical foraging habitat in the 
northern Gulf of Mexico, especially off Louisiana, where turtles showed fidelity over time and 
use of coastal Gulf of Mexico during migration periods.  The high-use migration areas for L. 
kempii sea turtles specifically were identified near nesting beaches in Rancho Nuevo, Mexico, as 
well as Texas and Louisiana including shallow waters close to land (Shaver et al., 2016).  Another 
study by Hart et al., (2014) emphasized the overlap of inter-nesting foraging areas with 
anthropogenic threats, including shrimp trawling activity by mapping turtle activity with 
commercial trawling activity from May-August 2011 during the inter-nesting time period of L. 
kempii turtles.  Sea turtles are utilizing the areas close to shore where small skimmers are 
shrimping indicating that there is a potential for overlap between skimmers of all sizes and sea 
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turtles in the Gulf of Mexico.  This study showed a high level of overlap with locations of 
shrimping activity and also showed sea turtles using shallow water areas in the northern Gulf of 
Mexico (Hart et al., 2014).  
 For skimmer trawls, recent TED development for the fishery has been a priority but has 
been limited to vessels greater than 26-ft (7.92-m) that utilize trawls with headrope lengths of 16-
ft (4.88 m) or greater (Price and Gearhart 2011).  In the 2012 observer program for the skimmer 
trawl fishery, twenty-four sea turtle captures were observed and approximately more than half of 
those captured were small enough to pass through the maximum 4-in (10.16 cm) TED bar spacing 
that was allowed at the time (Epperly and Stokes 2012).  Preventing the capture of small turtles is 
a priority of this TED development because the small gears that currently do not require TEDs 
often operate in inshore waters and could be a greater threat for small turtles.  This project will 
develop a specialized TED that could be utilized in these small trawls and accommodate the 44-
in (1.12 m) inshore opening to effectively exclude sea turtles in the inshore waters.  
Objectives: 
 To utilize the TED development discussed in Chapter 1 and test specialized small TEDs 
in skimmer trawls operating in Louisiana and Mississippi in vessels < 26-ft (7.92-m) to 
determine shrimp retention associated with the TEDs in comparison to a control net (no 
TED); 
 Evaluate other anticipated issues of using the TED including deployment and retrieval 
feasibility and function of the TED in shallow waters. 
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Hypotheses 
 Null Hypothesis (Ho): There will be no significant difference between mean catch weight 
of shrimp between the net equipped with a Turtle Excluder Devices and the net with no 
device (control).  
 Alternate Hypothesis (Ha): That there will be a significant difference in the mean catch 
weight of shrimp between the net equipped with a Turtle Excluder Devices and the net 
with no device (control).  
Methods 
A total of three vessels were contracted to complete testing of the 28 x 24-in (71 x 61-
cm) TED and the 28x 28-in (71 x 71-cm) TED.  Evaluations of TEDs were tested aboard three 
commercial skimmer trawl vessels that were less than 26-ft (7.92-m) in length and all had L-
shaped skimmer frame designs (Hein and Meier 1995).  The first testing was done aboard the 
vessel classified as FV-MS-01 based out of Ocean Springs, MS in October and November of 
2017 to evaluate the larger 28 x 28 (71 x 71-cm) TOTS TED (Figure 2.3).  To replicate normal 
fishing conditions, tow times were standardized to 30 minutes and a minimum target of six tows 
per contract day to provide approximately 48 matched pairs per for comparison.  
Two small skiff vessels based out of Dulac, LA were contracted to evaluate the 
effectiveness of the minimum sized prototype 28 x 24-in (71 x 61-cm) TED.  The first vessel was 
categorized as FV-LA-01 and was a 25-ft (7.62-m) Carolina Skiff with a 10-ft (3.05-m) frame 
and was equipped with TED ID UNO2017-09 (Table 1).  Tow times were standardized to 30 
minutes and a minimum target of six tows per contract day over six total days to provide 
approximately 36 matched paired tows for comparison.  The second vessel was categorized as 
FV-LA-02 and was a 24-ft (7.32-m) Carolina Skiff equipped with a 200 horsepower outboard 
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motor with frames measured 17-ft (5.18-m) long and 11-ft (3.35-m) deep tested another model, 
TED ID: UNO2017-10, of the 28 x 24-in (71 x 61-cm)  TED (Figure 2.3).  Testing aboard FV 
LA-02 occurred on 16-17 and 27-28 November, 2017 out of Dulac, LA.  Since shrimp loss was 
noticed in FV LA-01, the 28 x 24-in (71 x 61-cm) TOTS TED (ID UNO-2017-10) was installed 
at a 45-degree angle in an extension with 1.375-in (3.49-cm) #21 braided polypropylene webbing 
measuring 50 meshes long and 150 meshes around.  Tow times were standardized to 30 minutes 
and a minimum target of six tows per contract day over six total days to provide approximately 
36 matched paired tows for comparison.  All TEDs were a top-opening tombstone (TOTS) 
design and installed at a 45-degree angle.  
  
54 
 
 
 
 
Figure 2.3: Diagrams of the grids that were installed in FV MS 01 (28 x 28-in (71 x 71-cm) 
tombstone grid) and FV LA-01 and FV LA-02 (28 x 24-in (71 x 61-cm) tombstone grid). 
All three vessels had twin rigs and testing followed a matched pair experimental design 
with the experimental net consisting of a trawl with a TED prototype installed and the control net 
left naked (no TED).  All gear was identical on each side of the vessel including frames, 
skimmer trawl dimensions, and mesh size. The TED was switched regularly from the starboard 
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side to the port side to ensure no side bias would occur from the vessel.  For each tow, the tail 
bag of the skimmer trawl was retrieved and the cod-end was emptied into a basket for each net.  
To conduct catch comparisons, for each net, the shrimp were separated by species and 
then counted and weighed.  All bycatch was separated and weighed by the following categories: 
finfish, crustaceans, ctenophores and cnidarians, other invertebrates, debris, and elasmobranchs.  
All bycatch categories were measured to the nearest hundredth of a kilogram and all 
elasmobranchs were weighed and measured separately.  In addition to recording data on the 
catch, for each tow the GPS coordinates, water depth, and vessel speed were taken for the start 
and the end of the tow.  Any obstructions or issues encountered with the nets were recorded as 
well.  
Observational and Statistical Analysis 
For the catch retention testing, all statistical analyses were conducted using either 
Microsoft Excel or R-Studio.  Because there were variations in the three TEDs tested, all vessels 
were evaluated as separated data sets.  All vessels evaluated had greater than 30 tows for each 
TED tested, so normality was assumed.  All tows that had less than one kg/hour of shrimp catch 
were excluded from the analysis.  In order to obtain an even number of tows with the TED on 
either side of the vessel (after excluding these low catch tows), the data set was randomized and 
tows were deleted at random to obtain an even number of tows per side.  For the analysis for 
each vessel a total of two tows were excluded from FV MS-01, zero tows were excluded for FV 
LA-01, and six tows were excluded from FV LA-02.  For the remaining tows that had a catch >1 
kg/hour, the percent difference in catch was calculated for all shrimp and bycatch categories to 
determine the associated reduction of shrimp and all bycatch categories using Equation 2.1: 
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% Difference =[(Experimental-Control)/Control] x 100 
A paired t-test assuming no difference between the means was then used to determine the 
statistical difference of the means between the catch in the control trawl and that in the 
experimental (TED) trawl with an alpha value=0.05.  This was done for shrimp, bycatch as a 
whole, total catch, and then bycatch by categories.  For shrimp catch, bycatch as a whole, and 
total catch, box plots and histograms were created in R-Studio to compare the catch in kg. 
between the control and experimental (TED) catches.  The overall change in catch composition 
(percent of total catch) was also compared and then displayed visually with a pie chart.  For all 
shrimp, an average number of shrimp per kg. was calculated for each net per tow to identify if 
there was a change in average shrimp size between the TED and control trawls.  A paired t-test 
assuming no difference between the means was then used to determine the statistical difference 
of the average number of shrimp/kg for the control trawl and that in the experimental (TED) 
trawl with an alpha value=0.05. 
For all testing, there were tows where obstructions in the net were observed (crab pots, 
branches, etc. stuck in net).  Those data sets including the tows with obstructions were kept in the 
analysis if an obstructed tow was completed, as it is a true representation of fishing conditions 
and potential impacts of the TED.  Lastly, other factors that could influence net performance 
including vessel speed, water depth, and seasonal-temporal changes were evaluated. 
Results 
Fishing Vessel FV-MS-01 
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 A total of 46 successful comparative tows were conducted aboard FV-MS-01 in 
Mississippi Sound (Figure 2.4) over a total of 8 days on 27, 28, and 19 September 2019; 25, 29, 
30 October 2017; and 4, 5 November 2017.  The tow speed ranged from 1.4-2.35 kt. and 
averaged 2.02-kts. and depth in the towing area ranged from 2.00-ft (0.61-m) to 9.00-ft (2.74-m) 
and averaged 7.1-ft (2.16-m).  
 
Figure 2.4: Shrimping grounds for testing aboard Skimmer Vessel MS-01, based out of Ocean 
Springs, MS. 
 
 For FV MS-01, on average for the skimmer trawl equipped with a TED, the total catch 
was significantly reduced by 10.78% (p=0.0065), bycatch was reduced significantly by 23.28% 
(p=0.0092), and shrimp catch was not reduced significantly with an average reduction of 6.98% 
(p=0.0973).  When bycatch was separated into individual categories, on average for the skimmer 
trawl equipped with a TED, there was an average non-significant reduction of finfish by 11.72% 
(p=0.0574), non-significant increase of 7.18% (p=0.8339) of other invertebrates; non-significant 
increase of crustaceans by 37.57% (p=0.6398); non-significant increase in debris by 210.11% 
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(p=210.11), non-significant decrease of cnidarians and ctenophores by 15.31% (p=0.662), and 
non-significant decrease of elasmobranchs by 12.04% (p=0.3569; Table 2.1, Figure 2.5).   
Table 2.1. Summary of the mean catch levels for shrimp, bycatch by category, bycatch as a 
whole, and total catch for Vessel MS-01.  
Control Exp. (with 
TED) 
Reduction 
 
N Mean 
(kg) 
SD Mean 
(kg) 
SD L 95% 
CI 
% Dif U 95% 
CI 
P-Value 
Shrimp 46 6.31 5.37 5.87 4.91 -15.75 -6.98 +1.79 0.0973 
Finfish 46 9.22 9.20 8.14 9.14 -65.02 -11.72 +88.46 0.0574 
Invert 46 0.16 0.25 0.17 0.34 -80.90 +7.18 +66.54 0.8339 
Crust. 46 0.03 0.09 0.04 0.13 -246.55 +37.57 +171.41 0.6398 
Debris 46 0.16 0.35 0.50 2.65 -1338.3 +210.1 +1758.55 0.3952 
Cni/Cten 46 10.14 21.27 8.59 16.95 -128.95 -15.31 +159.58 0.0662 
Elasmo. 46 0.14 0.82 0.03 0.10 -93.73 -78.68 +251.09 0.3569 
Bycatch 46 22.08 27.37 19.42 25.12 -1.78 -12.04 -22.30 0.0092 
Total 
Catch 
46 26.16 24.44 23.34 22.42 -2.14 -10.78 -2.14 0.0065 
 
 
Figure 2.5.  The percent difference of catch between the control and experimental (TED) try net 
calculated using based on Equation 2.1 for target species (shrimp), finfish, invertebrates, 
crustaceans, debris, cnidarians/ctenophores, and elasmobranch. The positive values represent an 
increase in catch with the TED whereas the other categories had a reduction in catch. 
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Figure 2.6. Boxplots depicting the mean, minimum, and maximum catch (kg) for shrimp, 
bycatch, and total catch for both the control and TED for FV-MS-01 equipped with a 28 x 28-in 
TOTS TED (n=46). The percent difference between the control and trawls was calculated (Table 
2.1; Figure 2.5).  
When converted from 30-minute tows to represent catch (kg) per hour for L. setiferus 
catch in the control skimmer trawl, the minimum catch was 2.00 kg/hour, maximum catch was 
25.90  kg/hour, median catch was 4.59 kg/hour, and average catch was 6.31 kg/hour.  For the 
skimmer trawl equipped with a TED, the minimum shrimp catch was 0.88 kg/hour, maximum 
catch was 22.30 kg/hour, median catch was 4.46 kg/hour and average catch was 5.87 kg/hour. 
For overall bycatch in the control skimmer trawl, the minimum bycatch was 2.44 kg/hour, 
maximum bycatch was 120 kg/hour, and mean bycatch was 19.95 kg/hour.  For overall bycatch  
in the experimental skimmer trawl equipped with a TED, the minimum bycatch was 1.50 
kg/hour, maximum bycatch was 109.18 kg/hour, and mean bycath was 17.47 kg/hour.  For total 
catch, in the control skimmer trawl, the minimum catch was 4.62 kg/hour, maximum catch was 
125.20 kg/hour, and mean total catch was 26.16 kg/hour.  For the total catch in the experimental 
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trawl equipped with a TED, the minimum total catch was 2.84 kg/hour, maximum total catch 
was 112.06 kg/hour, and mean total catch was 23.34 kg/hour (Figures 2.6; 2.7; 2.8) 
 
Figure 2.7: The distribution for shrimp catch only with a density plot for both the control and 
experimental (TED) in FV MS-01. 
 
On average for the 46 tows there were 83 shrimp/kg (38 shrimp/lb) in the control and 82 
shrimp/kg (37 shrimp/lb) in the experimental trawl equipped with a TED.  Using a paired t-test 
to evaluate the shrimp size difference between the control and experimental net equipped with a 
TED, there was no significant difference in shrimp size between the nets (p=0.7403; Table 2.2). 
Table 2.2: The average shrimp/kg and descriptive statistics for the control and experimental net 
for the observed 46 tows for FV MS-01 and corresponding confidence intervals and paired t-test 
results.  
Control Exp. (TED) Mean Difference 
 
N 
Tows 
Avg. 
Shrimp/Kg 
St. Dev. Avg. 
Shrimp/Kg 
St. Dev. U 95% 
CI 
% Dif. L 95 
% CI 
P Value 
46 83 24.08 82 15.94 -9.87 -1.37 7.14 0.7403 
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Figure 2.8. The distribution for all bycatch only with a density plot for both the control and 
experimental (TED) in FV MS-01. 
 
 Lastly, the catch composition was evaluated for both the control and experimental trawl 
equipped with a TED for FV MS-01.  For both the control trawl and experimental (TED) trawl, 
the target species (shrimp), finfish, and ctenophores and cnidarians (jellyfish and comb jellies) 
made up the majority of the catch.  On average in the control trawl, L. setiferus accounted for 
24.13% of the total catch while the remaining catch was on average, 35.25% finfish, 24.13% 
ctenophores and cnidarians, 0.62% debris, 0.61% other invertebrates, 0.55% elasmobranchs, and 
0.11 crustaceans%.  On average for the experimental trawl equipped with the TED, L. setiferus 
accounted for 25.16% of the total catch with the remaining catch was on average 36.80% 
ctenophores and cnidarians, 34.88% finfish, 2.14% debris, 0.73% other invertebrates, 0.16% 
crustaceans, and 0.13% elasmobranchs (Table 2.3; Figure 2.9). 
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Table 2.3: Target species and bycatch category as a percent of the total catch for both the control 
and experimental (TED) skimmer trawls for MS-01. 
 Control Experimental (TED) 
Shrimp 24.13% 25.16% 
Finfish 35.25% 34.88% 
Other Invert. 0.61% 0.73% 
Crustaceans 0.11% 0.16% 
Ctenophores 38.76% 36.80% 
Debris 0.62% 2.14% 
Elasmobranchs 0.55% 0.13% 
Total Catch 100.00% 100.00% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.9:  The catch composition for target species (shrimp) and bycatch by categories 
(finfish, other invertebrates, crustaceans, ctenophores and cnidarians (true and non-true 
jellyfish), debris, and elasmobranchs) for Skimmer Vessel, FV MS-01.   
Fishing Vessel FV-LA-01 
 A total of 36 successful comparative tows were conducted aboard FV LA-01 in Dulac, 
LA (Figure 2.10) from 2-5 November 2017.  Overall the tow speed ranged from 2.0 to 2.35 kt. 
and averaged 2.17-kts. and depth in the towing area ranged from 2.75-ft (0.83-m) to 7.00-ft 
(2.13-m) and averaged 4.11-ft (1.25-m).  
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Figure 2.10: Approximate fishing grounds for skimmer evaluations in FV LA-01 based out of 
Dulac, LA. 
The total catch was significantly reduced by 30.26% (P<0.0001), bycatch was reduced 
significantly by 41.70% (P<0.0001), and shrimp catch was reduced significantly by 22.07% 
(P<0.0001; Table 2.4; Figure 2.11).  A paired t-test was conducted to evaluate the significant 
difference between the control and experimental net with a significance level of 0.05. 
Table 2.4:  The mean total catch, shrimp, and bycatch differences and associated 95% CIs for catch 
evaluations completed in the skimmer trawl in FV LA-01 equipped with a 28 x 24-in TOTS TED 
(Ntows=36). P-values indicate the results of paired t-tests (number of tows = 30). Cten./Cni. Represents 
cnidarians and ctenophores (true jelly and comb jelly captured and elasmo. represents all elasmobranch 
species  
Control Exp. (with TED) Reduction  
N Mean 
(kg) 
SD Mean 
(kg) 
SD L 95% 
CI 
Avg. % 
Dif 
U 95% 
CI 
P-Value 
Shrimp 36 18.45 12.08 14.38 9.29 -33.54 -22.07 -10.59 2.80E-05 
Finfish 36 6.32 3.75 3.75 2.12 -57.95 -40.75 -23.55 7.81E-06 
Cten./Cni. 36 0.78 1.64 1.01 3.76 -156.84 +30.61 +218.06 0.6498 
Debris 36 4.70 6.47 1.99 4.08 -97.51 -57.65 -17.79 0.0015 
Crust. 36 1.42 2.43 0.86 1.12 -86.96 -39.23 +8.51 0.0611 
Elasmo. 36 0.02 0.11 0.07 0.36 -2649.44 +322.55 +3294.54 2.0301 
Bycatch 36 13.22 8.48 7.71 5.77 -60.83 -41.70 -22.58 6.45E-05 
Total Catch 36 31.68 14.31 22.09 9.52 -41.34 -30.26 -19.19 4.25E-07 
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Figure 2.11:  The percent difference of catch between the control and experimental (TED) 
calculated using based on Equation 2.1 for target species (shrimp), finfish, 
cnidarians/ctenophores, debris, crustaceans, elasmobranch species, and then bycatch and total 
catch overall (Ntows=36). The positive values represent an increase in catch with the TED 
whereas the negative values represent a reduction in catch. 
 
Figure 2.12: Boxplots showing the distribution of catch (kg) for shrimp, bycatch, and total catch 
for both the control and TED for FV LA-01. The corresponding percent differences between the 
control and trawls were calculated for each category (Table 2.4; Figure 2.12). 
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When converted from 30-minute tows to represent catch (kg) per hour, for shrimp only in 
the control trawl the minimum catch was 2.61 kg/hour, maximum catch was 47.16  kg/hour, 
median catch was 16.18 kg/hour, and average catch was 18.45 kg/hour.  For the experimental 
trawl equipped with a TED, the minimum shrimp catch was 1.14 kg/hour, maximum catch was 
40.24 kg/hour, median catch was 12.36 kg/hour, and average catch was 14.38 kg/hour (Figures 
2.12; 2.13).  For overall bycatch in the control trawl, the minimum bycatch was 1.84 kg/hour, 
maximum bycatch was 39.90  kg/hour, median bycatch was 11.96 kg/hour, and average bycatch 
was 13.23 kg/hour.  For the experimental skimmer trawl equipped with a TED, the minimum 
bycatch was 0.80 kg/hour, maximum catch was 27.38 kg/hour, median bycatch was 6.34 kg/hour 
and average bycatch was 7.71 kg/hour (Table 1.4; Figures 2.10; 2.14).  For total catch in the 
control trawl, the minimum total catch was 14.44 kg/hour, maximum total catch was 76.65  
kg/hour, and mean catch was 31.68 kg/hour.  For the experimental skimmer equipped with a 
TED, the minimum total catch was 10.13 kg/hour, maximum total catch was 46.10 kg/hour, and 
average catch was 22.09 kg/hour (Table 1.4; Figure 2.10) 
66 
 
 
Figure 2.13: The distribution for all shrimp with a density plot for both the control and 
experimental (TED) in FV LA-01. 
 
On average for the 36 tows conducted for FV LA-01, there were 174 shrimp/kg (78 shrimp/lb) in 
the control trawl and 175 shrimp/kg (79 shrimp/lb) in the experimental trawl equipped with a 
TED (Table 2.5).  Using a paired t-test to evaluate the shrimp size difference between the control 
and experimental net equipped with a TED, there was no significant difference between the two 
nets (p=0.7110; Table 2.2). 
Table 2.5: The average shrimp/kg and descriptive statistics for the control and experimental net 
for the observed 36 tows for FV LA-01 and corresponding confidence intervals and paired t-test 
results indicating no significance. 
 
Control Exp. (TED) Mean Difference 
 
N 
Tows 
Avg. 
Shrimp/Kg 
St. Dev. Avg. 
Shrimp/Kg 
St. Dev. U 95% 
CI 
% Dif. L 95 
% CI 
P Value 
36 174 106.20 175 114.04 -2.69 0.57 3.84 0.7110 
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Figure 2.14: The distribution for all bycatch with a density plot for both the control and 
experimental (TED) in FV LA-01. 
 
 The catch composition was then evaluated to determine if there was a visual change in 
any bycatch level by category in the skimmer trawl equipped with the TED as it made up a large 
portion of the catch for FV LA-01.  For both the control trawl and experimental (TED) trawl, the 
target species (shrimp), finfish, and debris (plant debris, sediment, shells etc.) made up the 
majority of the catch.  On average in the control trawl, L. setiferus accounted for 58.25% of the 
total catch while the remaining catch was on average, 19.96% finfish, 14.85% debris, 4.48% 
crustaceans, 2.45% ctenophores and cnidarians, and 0.06% elasmobranchs.  On average for the 
experimental trawl equipped with the TED, L. setiferus accounted for 65.10% of the total catch 
with the remaining catch was on average 16.96% finfish, 9.02% debris, 4.59% ctenophores and 
cnidarians, 3.91% crustaceans, and 0.34% elasmobranchs (Table 2.6; Figure 2.15) 
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Table 2.6: The catch composition for target species, shrimp, and bycatch by categories for 
Skimmer Vessel, FV LA-01.    
Control Experimental 
Shrimp 58.25% 65.10% 
Finfish 19.96% 16.96% 
Crustaceans 4.48% 3.91% 
Ctenophores 2.45% 4.59% 
Debris 14.85% 9.02% 
Elasmobranchs 0.06% 0.34% 
Total Catch 100.00% 100.00% 
 
 
 
Figure 2.15.  The catch composition for target species (L. setiferus) and bycatch by categories 
(finfish, crustaceans, ctenophores and cnidarians (true and non-true jellyfish), debris, and 
elasmobranchs) for Skimmer Vessel, FV LA-01.  
 
Fishing Vessel FV-LA-02 
A total of 36 comparative tows were conducted aboard FV LA -02 based out of Dulac, LA 
(Figure 2.16) on 16, 17, 27, and 28, November 2017 with 30 tows considered “successful” with a 
CPUE greater than 2 kg/hour.  Overall, the tow speed ranged from 1.9 to 2.65 kt. and averaged 
2.27-kts.  Depth in the towing area ranged from 1.75-ft (0.53-m) to 7.0-ft (2.13-m) and averaged 
4.54-ft (1.38-m).  
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Figure 2.16: Approximate fishing grounds for skimmer evaluations in FV LA-01 based out of 
Dulac, LA. 
 
Overall, the total catch was significantly reduced by 10.11% (p=0.0199), while bycatch was 
reduced, but not significantly by 19.19% (p=0.0785), and shrimp catch was reduced, but not 
significantly by 8.32% (p=0.0649; Table 2.7; Figure 2.17).  A paired t-test was conducted to 
evaluate the significant difference between the control and experimental net with a significance 
level of 0.05 (Table 2.7; Figure 2.17). 
Table 2.7: Summary of the mean catch levels for the total catch, shrimp, and bycatch overall for 
FV LA-02.   
Control Exp. (with 
TED) 
Reduction 
 
N Mean 
(kg) 
SD Mean 
(kg) 
SD L 95%  
CI 
% Dif U 95% 
CI 
P-
Value 
Shrimp 30 21.43 14.78 19.65 13.55 -17.85 -8.32 +1.21 0.0649 
Finfish 30 4.26 3.11 3.82 2.92 -33.62 -10.37 +12.88 0.3713 
Invert. 30 0.02 0.02 0.02 0.03 -81.92 20.83 +123.58 0.6304 
Crust 30 0.17 0.32 0.10 0.31 -107.54 -39.61 +28.33 0.2947 
Debris 30 1.13 2.19 0.17 0.39 -158.42 -84.81 -11.19 0.0162 
Elasmo. 30 0.33 1.26 0.01 0.06 -246.19 -96.72 +52.74 0.1831 
Cteno/Cni. 30 0.00 0.01 0.01 0.04 -5940.78 500.00 +6940.78 2.0452 
Bycatch 30 5.11 3.59 4.13 3.17 -40.43 -19.19 +2.04 0.0785 
Total Catch 30 26.45 14.46 23.77 14.27 -18.67 -10.11 +1.54 0.0199 
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Figure 2.17: The percent difference of catch between the control and experimental (TED) try net 
calculated using based on Equation 2.1 (% Difference =[(Experimental-Control)/Control] x 100 
for target species (shrimp), finfish, other invertebrates, crustaceans, debris, elasmobranchs, 
cnidarians/ctenophores, and then bycatch overall and total catch for (Ntows=30) completed in the 
TED evaluations in FV-LA-02. The positive values represent an increase in catch with the TED 
whereas the negative values represent a reduction in catch.  
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Figure 2.18: Boxplots showing the catch (kg) distribution for shrimp, bycatch, and total catch 
for both the control and TED for FV-LA-02 equipped with a 28 x 24-in TOTS TED (n=30). The 
percent difference between the control trawls was calculated (Table 2.7; Figure 2.18). 
 
 When converted from 30-minute tows to represent catch (kg) per hour, for shrimp only in 
the control trawl, the minimum catch was 2.78 kg/hour, maximum catch was 77.46  kg/hour, 
median catch was 19.27 kg/hour, and average catch was 21.43 kg/hour.  For the experimental 
skimmer trawl equipped with a TED, the minimum shrimp catch was 1.52 kg/hour, maximum 
catch was 64.22 kg/hour, median catch was 16.65 kg/hour and average catch was 19.65 kg/hour 
(Figures 2.18; 2.19).  For all bycatch categories, the minimum catch was 0.00 kg/hour, maximum 
catch was 14.76  kg/hour, median catch was 3.83 kg/hour, and average catch was 5.11 kg/hour. 
For the experimental skimmer trawl equipped with a TED, the minimum bycatch was 0.00 
kg/hour, maximum catch was 11.64 kg/hour, median catch was 2.95 kg/hour and average catch 
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was 4.13 kg/hour (Figure 2.20).  For total catch (shrimp and bycatch combined), in the control 
trawl the minimum catch was 7.64 kg/hour, maximum catch was 80.52  kg/hour, mean catch was 
26.45 kg/hour.  For the experimental skimmer trawl equipped with a TED, the minimum total 
catch was 2.06 kg/hour, maximum catch was 69.20 kg/hour, and mean catch was 23.77 kg/hour 
(Figure 2.20). 
 
Figure 2.19: The distribution for shrimp with a density plot for both the control and 
experimental (TED) in FV LA-02. 
 
Of the 30 succesful tows with data, there was an average of 223 shrimp/kg (101 shrimp/lb) in the 
control trawl and 230 shrimp/kg (104 shrimp/lb) in the experimental trawl equipped with a TED 
with the results of a paired t-test showing no significant difference between the two (p=0.2230) 
(Table 2.8). 
  
73 
 
Table 2.8: The average shrimp/kg and descriptive statistics for the control and experimental net 
for the observed 46 tows for FV LA-02.  
Control Exp. (TED) Mean Difference 
 
N 
Tows 
Avg. 
Shrimp/Kg 
St. Dev. Avg. 
Shrimp/Kg 
St. Dev. U 95% 
CI 
% Dif. L 95 
% CI 
P Value 
30 223 39.72 230 43.06 2.13 3.10 -8.34 0.2230 
 
 
Figure 2.20: The distribution for all bycatch with a density plot for both the control and 
experimental (TED) in FV LA-02. 
 
 The catch composition for both the control and experimental (TED) skimmer trawls 
was then evaluated to determine if there was a visual change in the catch categories. For both the 
control trawl and experimental (TED) trawl, the target species (shrimp) made up the majority of 
the catch.  On average in the control trawl, L. setiferus accounted for 78.41% of the total catch 
followed by 15.58% finfish, 4.14% debris, 1.19% elasmobranchs (n=1), 0.62% crustaceans, and 
0.02% other invertebrates, and 0.00% ctenophores and cnidarians.  On average for the 
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experimental trawl equipped with the TED, L. setiferus accounted for 82.63% of the total catch 
followed by 16.05% finfish, 0.72% debris, 0.43% crustaceans, 0.08% other invertebrates, 0.04% 
elasmobranchs (n=1), and 0.03% ctenophores and cnidarians (Table 2.9; Figure 2.21). 
Table 2.9: The catch composition for target species (L. setiferus) and bycatch by categories 
(finfish, other invertebrates, crustaceans, ctenophores and cnidarians (true and non-true 
jellyfish), debris, and elasmobranchs) for Skimmer Vessel, FV LA-02.    
Control Experimental (TED) 
Shrimp 78.41% 82.63% 
Finfish 15.58% 16.05% 
Other Invert. 0.06% 0.08% 
Crustaceans 0.62% 0.43% 
Ctenophores 0.00% 0.03% 
Debris 4.14% 0.72% 
Elasmobranchs 1.19% 0.04% 
Total Catch 100.00% 100.00% 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.21:  The catch composition for target species (L. setiferus) and bycatch by categories 
(finfish, other invertebrates, crustaceans, ctenophores and cnidarians (true and non-true 
jellyfish), debris, and elasmobranchs) for Skimmer Vessel, FV LA-02.   
 
Discussion 
Small specialized TED testing in skimmer trawl vessels less than 26-ft (7.92-m) in length 
was successful in assessing the potential feasibility of use with estimates of shrimp and bycatch 
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reductions and identifying potential improvements for TED use within this fishery.  Overall, the 
two small tombstone configurations (28 x 24-in and 28 x 28-in TOTS TEDs) showed potential for 
effective use in a small skimmer trawl with an associated bycatch and shrimp reduction.  Further 
testing should be conducted to mitigate the shrimp loss at a level ideally under 5%.  The TED use 
and efficiency depended on fishermen’s preference, vessel configurations, gear specifications, and 
local conditions, so multiple TED configurations should be available for selection if required in 
small skimmer nets.  Vessel selection was limited and restricted to two general areas in Louisiana 
and Mississippi and since small skimmer trawls are prevalent throughout Louisiana and other 
regions, testing should be expanded to better represent the fishery (Hein and Meier 1995; Hines 
and Fulifson 1998; Scott-Denton et al., 2006; Price and Gearhart 2011).  In general, for all three 
vessels, shrimp were slightly larger in the net equipped with a TED which does show the 
potential loss of smaller shrimp and was a consistent pattern for all three vessels.  This loss could 
be occuring through the TED escape opening or the extension during towing and haul back or as 
a result of clogging and blockages that can occur as observed in other TED evaluations (Sala et 
al., 2011). 
Shrimp catch was reduced by 5.37% in Mississippi on FV MS-01, 8.32% in Louisiana in 
FV LA-02, and 22.06% in Louisiana on FV LA-01.  The catch evaluations in Louisiana occurred 
in early November 2017 after a cold front when there was an apparent shift in shrimp abundance 
and size.  Cold fronts tend to stimulate L. setiferus movement from the estuaries in Louisiana 
beginning in December and it is typical to see smaller sized shrimp at the end of the season 
(Bourgeois et al., 2015).  In FV LA-01, many shrimp were observed stuck in the extension 
webbing, which indicates a high escapement of small shrimp through the TED extension that was 
made of 1.625-in mesh.  After observing this, evaluations were done in the same area on FV LA-
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02, however to address the loss of small shrimp, the TED was installed in an extension with 
smaller mesh (1.375-in) and we saw an improvement in the catch efficiency with a shrimp 
reduction of 8.32%.  The shrimp caught on FV LA-02 were much smaller, as it was later in the 
season, and there was an average of 104 shrimp count head on per lb for the experimental and 
101 shrimp count head on per lb for the control trawl (Table 2.8).  The mesh size of the TED 
extension had a high impact on the catch retention of both target and bycatch species, especially 
in months when shrimp are much smaller. This was very apparent through the performance 
difference between the two Louisiana vessels.  The TED was switched routinely between port and 
starboard to reduce any side bias, however steering difficulties and towing direction as a result of 
the shallow and confined bayous where shrimping occurred could still have influenced the 
difference between the two nets as has been seen in other experimental gear studies (Hines et al., 
1998).  
A significant reduction of total bycatch was observed on all three skimmer vessels.  Total 
bycatch reduction on average was 12.04% for MS-01, 41.71% for LA-01; and 19.19% in FV 
LA-02 (Tables 2.1; 2.4; 2.7 and Figures 2.5; 2.11; and 2.17).  The majority of bycatch was either 
finfish, ctenophores and cnidarians, or debris depending on the vessel and area fished. 
Regardless of the vessel, bycatch accounted for a large portion of the total catch, especially in the 
Mississippi testing.  All other bycatch categories were fairly small as a portion of the total catch 
so finfish, debris, and ctenorphore redcution was the most important to consider for Louisiana 
and Mississippi evaluations.  The reduction of bycatch, especially in regards to the jellyfish and 
debris, was considered a benefit by the fishermen as it can decrease sorting time and increase 
towing efficiency. 
77 
 
During the testing in Louisiana, there were high volumes of drifting marsh grass and “mud 
balls” as a result of the storms that occurred in late October and November.  Bottom debris and 
marsh vegetation are common in shallow areas in Louisiana because of severe marsh 
deterioration, but skimmers can typically avoid this debris by minimizing bottom contact (Hein 
and Meier 1995).  There were severe storm events in October of 2017 prior to this testing, which 
is typical in the area and can lead to an excess of floating debris and mudballs in the water.  If 
mudballs, vegetation, etc. were retained during haul back, they were included in the “debris” 
category, which was one of the main bycatch contributors in the Louisiana vessels.  In many 
circumstances, this excess debris lead to clogging of the TED and a high level of shrimp were lost 
through the TED escape opening when the cod end was retrieved on board.  This was a major 
concern for the fishermen and is partially reflected in the high level of debris reduction with the 
TED equipped because the debris causing the grid blockages was unable to be brought onboard 
and weighed and included in the catch analysis.  
One potential way to eliminate grid blockages is to test a bottom-opening TED, which 
would be easily retrieved on board without losing an excessive amount of shrimp and reduce the 
loss in areas of high debris such as Louisiana.  The ability to operate in shallow waters is one of 
the main benefits of skimmer trawls, especially those using small vessels, so these operational and 
clogging issues are important to mitigate with future testing (Hein and Meier 1995).  A top-
opening configuration was used because of the concern of capture of small turtles in nearshore 
waters and a bottom-opening design may be more difficult for small turtles to escape (NMFS 
2016).  Past studies have shown that top-opening TEDs had shorter turtle escape times than 
bottom opening designs with by almost half the time (Jenkins 2014).  Super shooter TEDs as well 
as a bottom-opening design have been successful at reducing clogging of debris and allowing 
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water flow and gravity to assist in debris removal through the escape opening (Mitchell et al., 
1995; FAO 2004; Jenkins 2014).  In regards to small skimmer vessels in areas like Mississippi 
and Louisiana, a bottom-opening or super shooter design (or both) could be successful in reducing 
shrimp loss and debris accumulation in the TED. 
Aside from the occasional grid blockages encountered, there were few operational and 
handling issues associated with the TEDs.  There were some initial concerns in the functional 
aspects of the top-opening design of the TED by fishermen, which are known to roll during 
deployment and retrieval (Price and Gearhart 2011).  However, the twist would typically “right 
itself” when the frames were lowered in the water and the two floats on the side of the frame were 
useful for fishermen to identify if the TED exhibited a twist, especially in the deeper waters tested 
in Mississippi.  Another benefit of testing a bottom-opening TED, is that it does not exhibit the 
twisting behavior that is observed in the top-opening configuration (Price and Gearhart 2011). 
There were no observed turtle interactions throughout this testing, however the areas 
where shrimping occurred in Mississippi and Louisiana were compared to satellite tracking 
studies in the northern Gulf of Mexico.  These studies indicate that both C. caretta and L. kempii 
turtles could be encountered in the areas fished in nearshore areas of Louisiana and Mississippi 
where adult females are potentially using the areas as migratory corridors (Hart and Lamont 2018; 
Shaver et al 2013, 2016; and Hart et al., 2014).  This close association indicates that although no 
turtle captures were observed in the catch evaluations, there are data indicating turtles are utilizing 
these regions and that encounters could occur which could be mitigated with the use of a TED in 
small skimmer vessels.  
In conclusion, results from this study indicate that skimmer trawls on vessels less than 26-
ft (7.92-m) are operating in areas where turtles can occur and can be equipped with a turtle 
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excluder device, however additional studies are recommended to reduce shrimp loss.  A high 
reduction of shrimp over the course of an entire season can translate to a high economic loss for 
the shrimpers. If shrimp loss is high (for example the 22.07% loss in FV LA-01), the gear would 
not be acceptable to the commercial shrimping industry or considered an economically viable 
alternative to tow time restrictions.  Further modifications to the TED evaluated such as a bottom-
opening design and use of small mesh extension when shrimp are small later in the season, could 
be beneficial in reducing the shrimp loss that occurred in the Louisiana vessels. 
 
.  
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Chapter 3  
Development of Specialized Turtle Excluder Devices (TEDs) Designed to Eliminate Bycatch of 
Sea Turtles in Wing Nets in the Biscayne Bay, Miami-Dade County, Florida Pink Shrimp 
(Farfantepenaeus duorarum) Fishery 
 
Introduction:  
There is a specialized food and live bait wing net fishery in Miami-Dade County, FL that 
utilizes wing nets to catch pink shrimp (Farfantepenaeus duorarum) in Biscayne Bay.  Biscayne 
Bay is a shallow subtropical lagoon on the southeast portion of Florida near Miami and is 
approximately 90-km (56-mi) long and connected to the Atlantic waters through many lagoons 
and inlets (Figure 3.1).  Shallow coastal waters such as Biscayne Bay are an essential nursery 
habitat for many species, including F. duorarum.  Adult F. duorarum spawn on the southwest 
Florida shelf and then as postlarval juveniles, recruit to shallow bays and mangrove estuaries 
including Biscayne Bay before they move farther offshore to spawn (Costello and Allen 1966). 
Specifically, within Biscayne Bay, the post larval shrimp likely originate from the Dry Tortugas 
off southwest Florida and move via the Tortugas Gyre and Florida Current (Criales et al., 2000).  
Historically, the shrimp fishery in the Bay has been separated into two fisheries- the “bait 
shrimp” fishery, which operates year round in the south portion in Biscayne Bay year round with 
trawl and roller nets and “food shrimp” fishery, which operates in the north portion of Biscayne 
Bay using wing nets.  Both commercial fisheries operate under different regulations than the 
other Florida counties.  Parts of the “bait shrimp” commercial fishery operate within the aquatic 
preserve that is Biscayne National Park and in Florida Keys National Park (Johnson et al., 2012).  
The Biscayne Bay commercial bait shrimp fishery dates back to the 1950s and the first 
observation of the fishery was made during surveys which noted that bait trawlers were illegally 
operating from April 1950 to March 1952.  In 1958, twelve live bait boats were observed in the 
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bay and operated year round.  By 1966, when the fishery was under a permit system, forty-six 
live bait shrimp vessels were observed operating in Biscayne Bay (Tabb 1958; Tabb 1968).  
Between 1966 and 1985, the number of operating boats varied but did not exceed twenty-eight 
boats and was on average twenty-three bait shrimp boats each year (Berkeley et al., 1985).  The 
bait fishery is a categorized as a live shrimp fishery that operates at night and catches are kept in 
live wells aboard the vessel and then sold as bait to recreational fishers and bait shops in 
southeast Florida (Johnson et al., 2012).  The fishery originally used otter trawls but in 1968 the 
gear was replaced with a “roller-trawl” frame that was described as an efficient means to operate 
with catching minimal trash and operating at a low cost.  This gear type has little contact with 
the bottom and likely causes little damage to bottom vegetation (Tabb and Kenny 1968). 
The TED evaluations conducted in this study however were focused on the wing-net 
portion of the fishery that occurs in the north portion of Biscayne Bay (Figure 3.1) and has been 
referred to as the “food shrimp” fishery in previous literature (Johnson et al., 2012, EDAW 
2006).  Personal observations showed that the wing net vessels sell the shrimp as bait, not food. 
Vessels range from 25 to 30 feet (7.62 to 9.14 m) in length and are equipped with outboard 
motors, however there are select vessels that are larger in length (EDAW 2006). 
Wing nets in general, commonly referred to as butterfly nets or ‘paupiers’, are used either 
on a stationary dock or pulled behind a motorized vessel (Hein and Meier 1995).  They were first 
introduced in Louisiana in the 1950s and consist of a square or rectangular frames with a trawl 
attached along the perimeter (Hein and Meyer 1995).  The gear is pushed alongside the vessel 
with a net on each side and are fished continuously with no interruption in fishing time when 
retrieving the codend (Hein and Meier 1995).  When the net is deployed, the frame is 
perpendicular to the vessel and slightly tilted forward or upward to reduce the potential of the 
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skid digging into the bottom.  An ‘easy line’ or a ‘lazy line’ is encircled on the cod end with a 
series of rings sewn onto it (Hein and Meier 1995).  When the cod end of the net is retrieved 
onto the boat, the ‘lazy line’ is released from the cod end to release the catch onto the boat. 
When the nets are not set, the wings are extended on either side of the vessel like wings (EDAW 
2006).  
Wing nets were first used in northeast Florida around 1950 (de Sylva 1954; Allen and 
Inglis 1958) and in 1954 approximately 1,300 people exclusively used this gear to catch bait 
shrimp between Jupiter and Jacksonville, FL (Tabb and Kenny 1968).  The first regulations were 
enacted in the 1950s which regulated the fishery under a “count law” to regulate a minimum 
legal size which was revised in 1992 to limit food shrimp to 47 shrimp/lb (heads on) or 70 
tails/lb (heads off; FAC 1990; Johnson et al., 2012).  This rule was terminated in December 1999 
and replaced with seasonal closures for wing nets limiting the fishery originally from October 
15-May 15 with a Saturday closure and then to November 1-May 31 (FWCC 2000; Johnson et 
al., 2012).   In addition, the fishery is closed weekly from 6:00 AM on Saturday until 6:00 AM 
on Sunday (FWCC 2000).  In prior years, light monofilament nets were used in the fishery 
(Federal Register 2016), however regulations in Florida recently changed and prohibited the use 
of monofilament nets within the fishery and shrimpers have switched to poly or twine nets.  
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Figure 3.1: A map of Biscayne Bay, Florida and the yellow block shows the north portion of the 
Bay that is typically fished with wing net gear which is the north portion of Biscayne Bay 
surrounding the Rickenbacker Causeway. 
 
Within Biscayne Bay, the wing net fishery is confined to the northern part of Biscayne 
Bay and typically do not enter Biscayne Bay National Park north of the Rickenbacker Causeway 
(Figure 3.1).  Fishing typically occurs near canals, channels, and bridges and is restricted to the 
upper column of the water where a stronger current exists due to high winds (especially north 
winds) and other oceanic conditions as well as photo activation from a full moon that drive 
shrimp to move higher in the water column (EDAW 2006).  The highest photo-activation of F. 
duorarum is during a full moon and, therefore, the highest shrimping effort occurs during and 
around a full moon (Aaron and Witsby 1964).  As shrimp are spotted rising to the surface water, 
wing nets are lowered by fishermen who will then continue to fish schools of shrimp (EDAW 
2006).  
Data were obtained from Florida Fish and Wildlife Commission (FFWC) on vessel 
participation and number of reported trips in Florida shrimp fisheries from 2013-2016 separated 
by gear type (wing net, roller trawl, otter trawl, and skimmer trawl).  For the purposes of this 
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study and interest in small vessels (categorized as <26-ft (7.9-m)), wing net data were further 
separated by either “unidentified length”, less than 26-ft (7.9-m), or equal to and greater than 26-
ft (7.9-m).  From 2013-2016, participating vessels remained consistent (105, 107, 109) but then 
dropped to 67 vessels in 2016.  In contrast, the number of trips in 2013 was the lowest (317), 
which was documented as a year of low landings for F. duorarum (Johnson et al., 2012) 
compared to the highest number of trips (978) in 2015.  When the number of total participants 
dropped in 2016, there was a consistent decrease in all vessel lengths, but the number of trips 
between these vessels still remained relatively high (798) and even greater than in 2015 when 
the total number of trips was 758 when there were 107 total participants (Figure 3.2).  Although 
data are not available past 2016, this trend indicates that the effort might be consistent, but just 
confined to fewer vessels within the fishery. 
 
Figure 3.2: A summary of the wing net participation in all Florida shrimp fisheries by vessel 
size for 2013-2016. Note, data is not specified to Biscayne Bay specifically, but for all of 
Florida fisheries. However, wing net use in Florida is mostly noted within the Biscayne Bay 
“food shrimp” fishery. Data from FWCC pers. Comm. 
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current fleet operating in Biscayne Bay, Miami, FL using wing nets to target F. duorarum 
remains a small localized and community-based fishery.  Because this fishery is currently 
exempt from all TED regulations and utilizes small trawling gear and there is a potential for sea 
turtle interactions within the area.  As a result, we included these vessels in the small TED 
development evaluations although the fishery is currently exempt from the proposed TED 
requirements in 2016 (Federal Register 2016).  Prior observations in the fishery have indicated 
that shrimpers operate by sight fishing at the surface and would be able to immediately observe 
a turtle capture and subsequently release it before it reached the cod end (Federal Register 
2016).  Conducting this testing provided a more accurate insight on the operations of the fishery 
as well as the potential ability for the wing nets to accommodate TEDs. 
Objectives: 
 To test specialized small TEDs in wing nets operating in the Miami-Dade Biscayne Bay 
live F. duorarum fishery to determine shrimp retention associated with the TEDs in 
comparison to a control net (no TED). 
 Evaluate other anticipated issues of using the TED including deployment and retrieval 
feasibility and function of the TED in shallow waters. 
Hypotheses 
 Null Hypothesis (Ho): There will be no significant difference between mean catch weight 
of shrimp between the net equipped with a Turtle Excluder Devices and the net with no 
device (naked) for wing nets (α=0.05) 
 Alternate Hypothesis (Ha): That there will be a significant difference in the mean catch 
weight of shrimp between the net equipped with a Turtle Excluder Devices and the net 
with no device (naked) for wing nets (α=0.05) 
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Methods 
 A site visit to Miami was conducted in March 2018 to determine the specifications of the 
gear and net type and to find fishermen who could conduct this work.  Two wing net vessels (FL 
FV-01 and FV FL-02) were selected for testing.  Each vessel had twin rigs and testing followed a 
matched pair design for the duration of the study with the experimental net consisting of a trawl 
with a TED prototype installed and the control net left naked (no TED), all gear was identical on 
each side (mesh size, frame dimension, and other aspects of the net design).  Measurements for 
each net were taken to determine the correct specifications of the TEDs for each vessel.  All 
testing occurred in April and May 2018 at night and coincided with the full moon when shrimp 
were the most prevalent and shrimping in this fishery occurs.  
Two modified versions of the experimental TEDs tested in the Panama City testing 
described in Chapter One with a 44-in (1.12 m) inshore openings were used for testing in two 
wing net vessels (FV FL-01 and FV FL-02).  FL FV-01 was a large vessel (Figure 3.4) that also 
operates in the spiny lobster fishery and is equipped with outboard motors.  The wing net frame is 
made of metal pipes that measure 10-ft (3.05 m) across and 4-ft (1.22-m) deep.  The main body of 
the net was made of 1-in webbing and the tail portion of the net was made of 7/8-in nylon 
webbing.  FV-01 was equipped with a 32-in x 28-in top-opening super shooter (TOSS) oval TED 
made with stainless steel rods with 3-in bar spacing (Figure 3.3).  The extension was made of 7/8-
in nylon webbing (to match the wing net funnel and tailbag) and was 240 meshes around and 80 
meshes long.  
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Figure 3.3: The TED grids that were installed in FV FL-01 (28 x 32-in oval supper shooter TED) 
and FV FL-01 (28x32-in oval straight bar TED). 
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Figure 3.4: Photos of wing net vessel, FV FL-01. Left photo shows the installed on deck being 
stretched from the frame and the right photo shows the wing net equipped with the TED before it 
was deployed in Biscayne Bay. 
 
 
The second vessel, categorized as FV FL-02, was 25-ft in length and more typical of the 
other commercial boats operating in Biscayne Bay (Figure 3.4).  The wing net frame was made of 
metal pipes that measured 10-ft (3.05-m) across and 4-ft (1.22 m) deep.  The main body of the net 
was two panels sewn straight which had a 3:1 taper and was made of 1-in nylon webbing.  The 
funnel of the net leading to the tailbag was made of 7/8-in nylon mesh, and had two rings sewn in 
before the bag which was made of 3/8-in thick nylon webbing.  The TED was installed 97 meshes 
down from the frame of the body in place of the first ring and 60 meshes of 7/8-in funnel webbing 
while the back ring remained in the funnel to allow for shrimp to filter to the tail bag.  FV-02 was 
equipped with a 32-in x 28-in top-opening straight bar (TOSB) oval TED made with stainless 
steel rods with 3-in bar spacing (Figures 3.3; 3.5).  The extension was made of 0.875-in (2.22-cm) 
nylon webbing to match the wing net funnel and tailbag and was 240 meshes around and 80 
meshes long.  The TED was installed in place of a 60 mesh long (81 across) 0.875-in (2.22-cm) 
white nylon webbing section (Figures 3.3; 3.4; 3.5). 
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Figure 3.5: Photos of Wing net vessel, FV FL-02. Left photo shows the net before TED 
installment on deck including the ring and funnel where the TED was inserted and the right 
photo shows the wing net equipped with the TED before it was set for shrimping. 
 
 
For each net, the shrimp were separated by species and then counted and weighed.  All 
bycatch was separated and weighed by the following categories: finfish, crustaceans, other 
invertebrates, and debris and in contrast to Louisiana and Mississippi testing, no elasmobranchs 
or ctenophores were encountered in this testing.  All shrimp and bycatch categories were 
measured to the nearest hundredth of a kilogram.  In addition to recording data on the catch, for 
each tow the GPS coordinates, water depth, and vessel speed were taken for the start and the end 
of the tow.  For FV FL-02, there was not a depth finder on the vessel, so water depth was 
estimated based on captain’s knowledge and location within the bay which was possible because 
Biscayne Bay is relatively consistent in depth throughout the Bay.  Lastly, while fishing, any 
obstructions or issues encountered with the nets were recorded.  
A minimum target of six tows per contract day was established with the goal of 
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obtaining a total of 48 tows per vessel.  However, all tows that had less than 2 kg/hour of F. 
duorarum in one of the two nets was excluded from testing.  In April and May of 2017, a total 
of 40 successful paired tows with catch greater than 2 kg/hour were completed for FV FL-01 and 
38 successful paired tows with catch greater than 2 kg/hour were in FV FL-02.  The majority of 
tows were 30 minutes in duration, with a few exceptions depending on shrimp concentration in 
the area, so all tows were converted to catch (kg) per hour.  The relative efficiency of each 
prototype TED that was evaluated was compared to that of a control try net tested under the 
same conditions.   
Statistical Analysis 
For the catch retention testing, all statistical analyses were conducted using either 
Microsoft Excel or R-Studio.  Because there were variations in the TEDs tested, the two vessels 
were evaluated as separate data sets.  Both vessels evaluated had greater than 30 tows for each 
TED tested (Ntows for FV FL-01=40; Ntows for FV FL-02=38) so normality was assumed.  All 
tows that had less than one kg/hour of shrimp catch were excluded from the analysis.  To obtain 
an even number of tows with the TED on either side of the vessel (after excluding low catch 
tows), the data set was randomized and tows were deleted at random to obtain an even number of 
tows.  For the analysis for each vessel a total of two tows were excluded from FV FL-01, 14 
tows were excluded and ten tows were excluded from FV FL-02.  For the remaining tows that 
had a catch >1 kg/hour, the percent difference in catch was calculated for all shrimp and bycatch 
categories to determine the associated reduction of shrimp and all bycatch categories using 
Equation 3.1: 
% Difference =[(Experimental-Control)/Control] x 100 
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 A paired t-test assuming no difference between the means was then used to determine the 
statistical difference of the means between the catch in the control wing net and that in the 
experimental (TED) wing net with an alpha value=0.05.  This was done for shrimp, bycatch as a 
whole, total catch, and then bycatch by categories.  For shrimp catch, bycatch as a whole, and 
total catch, box plots and histograms were created in R-Studio to compare the catch in kg. 
between the control and experimental (TED) catches.  The overall change in catch composition 
(percent of total catch) was also compared and then displayed visually with a pie chart.  For all 
shrimp, an average number of shrimp per kg was calculated for each net per tow to identify if 
there was a change in average shrimp size between the TED and control trawls.  A paired t-test 
assuming no difference between the means was then used to determine the statistical difference 
of the average number of shrimp/kg for the control trawl and that in the experimental (TED) 
trawl with an alpha value = 0.05 
For all testing, there were tows where obstructions in the net were observed (crab pots, 
branches, etc. stuck in net).  Those data sets including the tows with obstructions were kept in the 
analysis if a complete tow was finished.  This is a true representation of fishing conditions and 
reflects potential impacts of the TED.  Lastly, other factors that could influence net performance 
including vessel speed, water depth, and seasonal-temporal changes were evaluated. 
Results 
Fishing Vessel FV-FL-01 
A total of 40 successful comparative tows were conducted aboard FV FL-01 in Biscayne Bay, 
FL (Figure 3.6) on 11, 13, 14, 16, 17 April and 1-4 May, 2018.  The towing speed ranged from 
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3.0 to 6.2-kts and averaged 4.9-kts.  Depth in the towing area ranged from 8.0-ft (2.44-m) to 
49.8-ft (15.18-m) and averaged 31.5-ft (9.60-m).  
 
Figure 3.6 The fishing grounds for all tows conducted on FV FL-1 based out of Miami, Fl. The 
yellow square indicates the area between the channel and Rickenbacker Causeway where 
shrimping occurred within Biscayne Bay.  
 
Table 3.1:  The mean total catch, shrimp, and bycatch differences and associated 95% CIs for 
catch evaluations (Ntows=40) completed in the TED evaluations in FV FL-01. P-values indicate 
the results of two-tailed paired t-tests.  
Control Exp. (TED) Percent Difference  
N Mean 
(kg) 
St. 
Dev. 
Mean 
(kg) 
St. 
Dev. 
L 95% 
CI 
Avg. % 
Dif. 
U 95 % 
CI 
P 
Value 
Shrimp 40 18.37 8.68 17.76 8.15 -11.31 -3.31 +4.69 0.2372 
Finfish 40 0.33 0.59 0.42 0.54 -1.03 +24.41 +102.88 0.4740 
Invert. 40 0.03 0.07 0.06 0.13 -246.57 +117.31 +481.19 0.1824 
Crust. 40 0.20 0.80 0.06 0.13 -201.66 -71.82 +58.03 0.2602 
Debris  40 0.21 0.45 0.17 0.46 -41.42 -19.95 +1.51 0.0478 
Bycatch 40 0.77 1.33 0.65 0.76 -61.97 -15.25 +31.47 0.4999 
Total 40 19.15 8.24 18.42 8.24 -12.22 -3.79 +4.63 0.2204 
 
For F. duorarum, bycatch, and total catch, there was not a significant reduction in the wing net 
equipped with a TED.  The total catch was reduced by 3.79%, bycatch on average decreased by 
15.25%, and shrimp catch was reduced by 3.31% (p=0.2372; Table 3.1; Figure 3.7).  For certain 
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bycatch categories, such as invertebrates, there was an average 117.31% increase in the net 
equipped with the TED, however this difference is only represented by a 0.01 kg increase in the 
experimental trawl.  With such low levels of bycatch, the percent difference between the two 
nets is not necessarily a large difference biologically speaking.  A paired t-test was conducted to 
evaluate the significant difference between the control and experimental net to evaluate the 
difference of the means with an assumed difference of zero. 
 
Figure 3.7: The mean percent difference of all catch including target species (F. duorarum) and 
bycatch by categories for FL-01 in wing net equipped with a TED (Equation 3.1). Note that there 
was no ctenophores/cnidarians or elasmobranchs observed in these evaluations. 
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Figure 3.8. Boxplots showing the catch (kg) for shrimp, bycatch, and total catch for both the 
control and TED for FV FL-01. 
 
When converted from 30-minute tows to represent catch (kg) per hour, for F. duorarum 
only in the control trawl, the minimum catch was 2.19 kg/hour, maximum catch was 37.90  
kg/hour, median catch was 18.04 kg/hour, and average catch was 18.37 kg/hour.  For the 
experimental wing net equipped with a TED, the minimum shrimp catch was 1.77 kg/hour, 
maximum catch was 34.90 kg/hour, median catch was 17.52 kg/hour and average catch was 
17.76 kg/hour (Figures 3.8; 3.9).  For overall bycatch in the control wing net, the minimum 
bycatch was 0.04 kg/hour, maximum bycatch was 7.98 kg/hour, median catch was 0.40 kg/hour, 
and mean bycatch was 0.77 kg/hour.  For the experimental wing net equipped with a TED, the 
minimum bycatch was 0 kg/hour, maximum bycatch was 3.00 kg/hour, median bycatch was 0.37 
kg/hour and mean bycatch was 0.66 kg/hour (Figure 3.9;3.10).  For total catch in the control 
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wing net, the minimum total catch was 2.64 kg/hour, maximum total catch was 38.12 kg/hour, 
median total catch was 19.36 kg/hour, and mean total catch was 19.15 kg/hour.  For the 
experimental wing net equipped with a TED, the minimum total catch was 1.86 kg/hour, 
maximum total catch was 36.84 kg/hour, median total catch was 17.70 kg/hour and mean total 
catch was 18.42 kg/hour (Figures 3.9;3.10).  Overall this is a clean fishery and bycatch 
mitigation was not as high of a concern as it is in other areas where small vessels operate, such as 
Louisiana and Mississippi. 
 
Figure 3.9: The distribution for shrimp catch only with a density plot for both the control and 
experimental (TED) in FV FL-01. 
 
In order to determine if there was an overall difference in the size of the shrimp being 
caught between the nets, a random subsample of 50-100 shrimp for the TED and control catches 
from each tow was taken, then counted and weighed to determine an average shrimp weight 
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(Table 3.2).  Due to time constraints, it would not have been possible to obtain shrimp 
measurements, so average shrimp per kg served as the best indicator.  
Table 3.2: The average mass per shrimp (kg) for the control and experimental wing nets for FV 
FL-01 and average percent difference and associated p-value from a two-tailed pared t-test.  
Control Exp. (TED) Mean Difference 
 
N 
Tows 
# Shrimp/ 
kg 
Std. 
Dev. 
# Shrimp/ 
kg 
Std. Dev. U 95% 
CI 
% 
Dif. 
L 95 % 
CI 
P Value 
40 272 23.40 280 28.35 -0.27 2.79 5.84 0.0618 
 
Overall, of the 40 tows with data, on average there were 272 shrimp per kg in the control trawl 
and 280 shrimp per kg. in the experimental trawl equipped with a TED with no significant 
difference between the two (p=0.0618).  
  
Figure 3.10: The distribution for all bycatch only with a density plot for both the control and 
experimental (TED) in FV FL-01. 
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 The catch composition for both the control and experimental wing nets were further 
evaluated by category to determine if there was a change in any bycatch level by category in the 
wing net equipped with the TED.  For both the control trawl and experimental (TED) trawl, the 
target species, F. duorarum, made up the majority of the catch.  On average in the control trawl, 
F. duorarum accounted for 95.96% of the total catch followed by 1.74% finfish, 1.11% debris, 
1.05% crustaceans, and 0.14% other invertebrates.  On average for the experimental trawl 
equipped with the TED, F. duorarum accounted for 96.44% of the total catch followed by 2.26% 
finfish, 0.92% debris, 0.31% other invertebrates, and 0.31% crustaceans (Table 3.3; Figure 3.11). 
Table 3.3: The average mean catch (kg) and percent of total for target species (F. duorarum) and 
bycatch by category for FV FL-01.  
Control Exp. (TED)  
Mean Catch (kg) % of total Mean Catch (kg) % of total 
Shrimp 18.37 95.96% 17.76 96.44% 
Finfish 0.33 1.74% 0.42 2.26% 
Invertebrates 0.03 0.14% 0.06 0.31% 
Crustaceans 0.20 1.05% 0.06 0.31% 
Debris  0.21 1.11% 0.17 0.92% 
Total Catch 19.15 100.00% 18.42 100.00% 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11:  The catch composition for target species (F. duorarum) and bycatch by categories 
(finfish, invertebrates, crustaceans, and debris) for Wing Net FV FL -01.  Shrimp made up 
95.96% of the total for the control and 96.44% of the total catch for the experimental wing net. 
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Fishing Vessel FV-FL-02 
 A total of 38 successful comparative tows were conducted aboard FV-FL-02 in 
Biscayne Bay, FL (Figure 3.12) on 10, 12, and 17 April, 2018 and 27-31 May 2018.  During the 
testing, the tow speed ranged from 2.3 to 4.3-kts and averaged 3.1-kts. Depth in the towing area 
ranged from 12.5-ft (3.81-m) to 45-ft (13.72-m) and averaged 17.8-ft (5.43-m).  
 
Figure 3.12 The fishing grounds for all tows conducted on FV FL-2 based out of Miami, Fl. The 
yellow square indicates the area between the channel and Rickenbacker Causeway where 
shrimping occurred within Biscayne Bay. 
 
Table 3.4:  The mean total catch, shrimp, and bycatch differences and associated 95% CIs for 
catch evaluations (Ntows=38) completed in the TED evaluations in FV FL-02 in Biscayne Bay, 
FL. P-values indicate the results of two-tailed paired t-tests with alpha=0.05.   
Control Exp. (TED) Percent Difference  
N Mean 
(kg) 
St. 
Dev. 
Mean 
(kg) 
St. 
Dev. 
L 95 % 
CI 
% 
Dif. 
U 
95% 
CI 
P 
Value 
Shrimp 38 11.72 11.18 10.46 0.85 -21.07 -10.75 -0.43 0.0473 
Fish 38 0.28 0.33 0.21 0.27 -63.25 -27.35 +8.55 0.1476 
Invert. 38 0.37 2.08 0.38 2.08 -12.50 +4.17 +20.84 0.5485 
Crust. 38 0.21 0.34 0.12 0.23 -94.94 -43.03 -8.88 0.1159 
Debris  38 0.45 0.71 0.32 0.69 -66.81 -28.82 +9.17 0.1930 
Bycatch 38 0.98 1.16 0.69 0.85 -59.64 -28.78 +2.09 0.0728 
Total 38 12.70 11.78 11.15 11.75 -23.36 -12.14 -0.92 0.0351 
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 A paired t-test was conducted to evaluate the significant difference between the control 
and experimental net.  In the net equipped with a TED, F. duorarum catch was reduced 
significantly with an average reduction of 10.75% (p=0.0473), total catch was reduced 
significantly by 12.14% (p=0.0351) and bycatch overall was reduced but not significantly by 
28.78% (p=0.0728).  In regards to bycatch by category, all bycatch levels were very low overall 
in both the control and experimental net equipped with a TED.  On average in the wing net 
equipped with a TED, finfish catch decreased by 27.35% (p=0.1476) invertebrate catch 
increased by 4.17% (p=0.5485), crustacean catch decreased by 43.03% (p=0.1159), and debris 
catch which mainly consisted of floating sargassum decreased by 28.82% (p=0.1930; Table 3.4; 
Figure 3.13). 
 
Figure 3.13. The percent difference of catch between the control and experimental (TED) wing 
net calculated using based on Equation 3.1 (% Difference =[(Experimental-Control)/Control] x 
100 for target species (F. duorarum), finfish, invertebrates, crustaceans, debris, and then 
combined bycatch and total catch. The positive value for invertebrates represents an increase in 
catch with the TED whereas the other categories had a reduction in catch in the wing net 
equipped with the TED. 
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Figure 3.14: Boxplots showing the catch (kg) for shrimp, bycatch, and total catch for both the 
control and TED for FV FL-02 (38 paired tows total for each net). The percent difference 
between the control trawls was evaluated (Table 3.4; Figure 3.13). 
 
When converted from 30-minute tows to represent catch (kg) per hour, for F. duorarum 
in the control trawl the minimum catch was 2.33 kg/hour, maximum catch was 55.20  kg/hour, 
median catch was 6.41 kg/hour, and average catch was 11.72 kg/hour.  For the experimental try 
net equipped with a TED, the minimum shrimp catch was 0.024 kg/hour, maximum catch was 
62.21 kg/hour, median catch was 5.46 kg/hour and average catch was 10.46 kg/hour (Figure 
3.14;3.15).  In regards to bycatch overall (not separated by category), in the control wing net the 
minimum bycatch was 0 kg/hour, maximum bycatch was 4.35 kg/hour, median bycatch was 0.57 
kg/hour, and average bycatch was 0.98 kg/hour.  For the experimental wing net equipped with a 
TED, the minimum bycatch was 0 kg/hour, maximum bycatch was 4.18 kg/hour, median bycatch 
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was 0.53 kg/hour and average bycatch was 0.69 kg/hour (Table 3.5; Figure 3.13; 3.16).  For total 
catch with F. duorarum and all bycatch combined, the minimum total catch was 2.62 kg/hour, 
maximum total catch was 56.69 kg/hour, median total catch was 6.70  kg/hour, and mean total 
catch was 12.70 kg/hour.  For the experimental wing net equipped with a TED, the minimum 
total catch was 0.58 kg/hour, maximum total catch was 62.63 kg/hour, median total catch was 
6.73 kg/hour and mean total catch was 11.16 kg/hour (Table 3.5; Figures 3.13; 3.16). 
 
Figure 3.15: The distribution for shrimp catch only with a density plot for both the control and 
experimental (TED) in FV FL-02. 
 
In order to determine if there was an overal difference in the size of the shrimp being 
caught between the nets, a random subsample of 50-100 shrimp for the TED and control catches 
from each tow was taken and counted and weighed to determine an average shrimp weight for 
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each tow (Table 3.5).  Due to time constraints, it would not have been possible to obtain shrimp 
measurements, so average weight per shrimp served as the best indicator.  
Table 3.5: The average mass per shrimp (kg) for the control and experimental wing nets for FV 
FL-01 and average percent difference and associated p-value from a two-tailed pared t-test.  
Control Exp. (TED) Mean Difference 
 
N 
Tows 
# Shrimp/ 
kg 
Std. 
Dev. 
# Shrimp/ 
kg 
Std. 
Dev. 
U 95% 
CI 
% 
Dif. 
L 95 % 
CI 
P 
Value 
37 292 60.71 279 70.69 -10.78 -4.30 2.19 0.1889 
 
Overall, of the 37 tows with data (one tow was missing count data), on average there were 292 
shrimp/kg in the control trawl and 279/per kg in the experimental trawl equipped with a TED 
with no significant difference between the two (P=0.1889; Table 3.5) 
 
Figure 3.16. The distribution for all bycatch only with a density plot for both the control and 
experimental (TED) in FV FL-02. 
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The catch composition was then evaluated by category to determine if there was a visual change 
in the catch by category in the wing net equipped with the TED.  For both the control trawl and 
experimental (TED) trawl, the target species (F. duorarum) made up the majority of the catch. 
On average in the control trawl, F. duorarum accounted for 89.96% of the total catch followed 
by 3.44% debris, 2.81% other invertebrates, 2.18% finfish, and 1.61% crustaceans.  On average 
for the experimental trawl equipped with the TED, F. duorarum accounted for 91.07% of the 
total catch followed by 3.31% invertebrates, 2.77% debris, 1.80% finfish, and 1.04% crustaceans 
(Table 3.6; Figure 3.17). 
Table 3.6: The catch composition for target species (F. duorarum) and bycatch by categories 
(finfish, invertebrates, crustaceans, and debris) for Wing Net FV FL -02.  
Control Exp. (TED)  
Mean Catch (kg) % of total Mean Catch (kg) % of total 
Shrimp 11.72 89.96% 10.46 91.07% 
Finfish 0.28 2.18% 0.21 1.80% 
Invertebrates 0.37 2.81% 0.38 3.31% 
Crustaceans 0.21 1.61% 0.12 1.04% 
Debris  0.45 3.44% 0.32 2.77% 
 
 
 
 
 
 
 
Figure 3.17:  The catch composition for target shrimp species (F. duorarum) and bycatch by 
categories (finfish, invertebrates, crustaceans, and debris) for Wing Net FV FL -02. Note there 
were no elasmobranchs or ctenophores caught in this fishery. 
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Discussion 
Small specialized TED testing in wing net vessels in the Biscayne Bay shrimp fishery was 
successful in determining the feasibility of TED use.  The results show that small wing nets could 
be equipped with a TED, with an associated reduction of both bycatch and target shrimp species (F. 
duorarum).  The top opening super shooter (TOSS) design tested in FV FL-01 had the highest 
performance and lowest shrimp loss (3.31%) of all TEDs evaluated including testing in the small 
try nets and skimmer trawls.  The performance of a TED within the two Florida wing nets differed 
greatly indicating that the use and efficiency may strongly depend on fishermen’s’ preference, 
vessel configurations, and gear specifications.  This study was limited to two TED variations and 
vessels, so expanding the research to additional boats and areas would give a stronger indication 
on TED performance within wing nets.  
For the wing net on FV FL-01 equipped with the TOSS 28 x 32-in (71 x 81-cm) oval 
TED, there was a reduction of F. duorarum (3.31%), bycatch (15.25%), and total catch (3.79%) 
but with no statistical significant difference between the experimental and control lets.  There was 
a higher level of shrimp loss in FV FL-02, which was equipped with a straight bar top opening 28 
x 32-in (71 x 81-cm) straight bar oval TED.  In FV FL-02, the overall reduction of shrimp was on 
average 10.75% with a significant difference in the F. duorarum catch and total catch (12.14%) , 
however a non-significant reduction in bycatch (28.78%).  The super shooter design tested on FV 
FL-01 differs from a straight-bar TED as the rods were bent at a 45-degree angle at the escape 
opening to prevent clogging from debris that may prevent shrimp from entering the cod end 
(Jenkins 2014). The higher level of shrimp loss in the straight-bar TED on FV FL-02 could be a 
result of many factors including the straight bar design that allowed for more escapement of target 
species and operational functions of the vessel and gear.   
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The wing nets for FL FV-02 were short in length and the tail end of the net where the TED 
was inserted was in close proximity to the outboard motors and could have been influenced by 
propeller wash.  The disruption in the water from the motor output could affect the TED function 
and cause the flap to remain open at times allowing shrimp to escape.  On average, FV FL-01 had 
a higher towing speed of 4.9-kts and a maximum towing speed of 6.2-kts which occurred at times 
when shrimp were in higher concentrations in comparison to FV-02 which had an average towing 
speed of 2.3-kts and maximum speed of 4.3-kts.  The ability to tow at a faster speed could reduce 
the potential of swash impacts and shrimp loss, allow for a tighter and more consistent seal of the 
TED flap, and enable the vessel to encounter more shrimp and have a higher catch overall. 
The positioning of the TED within the wing net could have also been a factor in its 
catchability and efficiency and adding length to the extension or using a small additional 
extension between the net and TED could be beneficial.  Since we observed such different towing 
operations and vessel function between the two boats tested, it would be recommended to test 
additional TEDs and the super shooter design on smaller vessels that are more indicative of a 
typical boat operating in this fishery.  Although debris and clogging of the TED was not a major 
issue in Biscayne Bay, the increased flap seal resulting from the super shooter design in a vessel 
moving at higher velocities could have been beneficial in reducing shrimp loss as this design 
(Mitchell et al., 1995; FAO 2004). 
Additionally, both vessels were catching small shrimp in the control and experimental 
(TED) wing nets with no significant difference in the average shrimp count between each side. 
The shrimp in the control trawl were slightly larger with an average shrimp count of 124 shrimp 
per lb. head-on for the control compared to 127 shrimp per lb. head-on for the experimental in FV 
FL-01 (Table 3.2). For FV FL-02, there were 132 shrimp per lb. head-on for the control and 127 
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shrimp per lb. head-on for the experimental net equipped with the TED (Table 3.5).  This 
indicates that it is possible some of the shrimp escaping through the TED were slightly larger, but 
the size difference for shrimp this small can be disregarded.  Because this is a bait shrimp fishery 
and small shrimp still have a marketable value, it is beneficial for the fishery to retain all shrimp 
sizes caught but the market value is higher for the larger shrimp.  An overview of the Biscayne 
Bay wing net fishery showed that most shrimp were larger than 1.9-cm and from December-
March ranged from 2.08 to 2.19-cm and from April-May ranged from 1.9 to 19.7-cm carapace 
length when the fishery was categorized as a “food shrimp” fishery (Johnson et al., 2012).  
Although no carapace lengths of individual shrimp were taken in our study and instead head count 
per pound was evaluated, these sizes are comparable to what was caught during this study 
showing a maintained market value of small shrimp sizes.  It should also be noted that during a 
portion of the testing, the overall average weight of shrimp captured was low for both vessels and 
11 tows were omitted from each vessel because of low CPUE.  Shrimp abundance is highest 
during a full moon and wing nets are lowered by fishermen as shrimp are seen rising to the 
surface (Aaron and Witsby 1964; EDAW 2006).  Generally, if a boat is not offsetting operational 
costs they will suspend fishing but due to time constraints we fished during times where in normal 
fishing conditions, shrimpers would have stopped operations.  
In regards to bycatch, levels were low and essentially negligible in this fishery and the 
target species, F. duorarum, made the majority of the catch for both vessels evaluated.  For FV 
FL-01 an overall reduction of finfish, crustaceans, and small increase in invertebrates and then for 
FV FL-02 there was an overall reduction of crustaceans, debris, and bycatch overall, with a slight 
increase in fish and invertebrates.  Since debris and bycatch were low, the top-opening 
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configuration tested is recommended in fisheries that are relatively clean of debris in comparison 
to a bottom opening design (Mitchell et al., 1995).  
These results show that wing nets in the Biscayne Bay wing net shrimp fishery could be 
equipped with a TED if regulations were to require the within this fishery and that it might not be 
as easy as stated by management to observe a turtle capture immediately.  The wing net fishery in 
Biscayne Bay, FL is currently exempt from all alternatives in the 2016 proposed TED regulations 
(Federal Register 2016). However, our observations within the fishery indicate that some of the 
characteristics noted with the proposed regulations and draft environmental impact statement 
(DEIS) are not reflective of how the fishery is currently operating.  The proposed TED regulation 
changes in December 2016 notes that the vessels are still using small, light-mesh monofilament 
nets which is no longer accurate as the fishery has switched to cotton/twine webbing (NMFS 
2016b).  
Because of the unique characterization of this fishery, there is currently no information 
available on sea turtle interactions and potential bycatch mortality of sea turtles (NMFS 2016b). 
The majority of shrimpers operate individually and many boats observed had a spotlight on one 
side of the vessel so it is likely that a turtle capture could be missed.  Since all vessels operate 
with large outboard motors, it might be difficult to feel the capture of a small turtle due to the high 
levels of propeller wash and disturbance from the motors.  The placement of the TED in 
proximity to the cod end and motor swash is something that could impact bycatch.  There were 
few operational issues observed in the fishery and as turtle populations and habitat use change in 
the future or observed captures occur, there is a potential for the wing net vessels in Miami to be 
equipped with TEDs. 
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Sea turtles are commonly found in areas surrounding the fishing grounds in the pink 
shrimp fishery in Biscayne Bay, and efforts in recent years have increased to monitor the sea 
turtle abundance and distribution in surrounding habitats (Inwater Research Group 2019).  The 
nesting population of C. mydas turtles across Florida had record high number of nests in 2013 and 
2015 and as a result were downlisted from endangered to threatened in 2016 due to their strong 
population growth and nesting increases throughout Florida (NMFS 2016a).  The D. coriacea and 
C. caretta nesting populations within the United States (including Florida) have rebounded in 
recent years and increased after the initial ESA listing (Conant et al., 2009; Stewart et al., 2014; 
Seminoff et al., 2015).  Recovery is occurring for most sea turtle species listed under the ESA as a 
result of conservation efforts including bycatch mitigation efforts and as a result habitat use could 
continue to expand (Valdivia et al., 2019).  
Although this study was localized to the Biscayne Bay, wing nets have been commonly 
used in Louisiana since the 1950s (Hein and Meier 1995).  Wing nets have not yet been included 
in the Observer program, so estimated turtle interactions within the fishery are not known, but 
likely occur and the use of a TED would reduce incidental sea turtle bycatch and mortality 
(Federal Register 2016; NMFS 2016; NMFS 2016b).  The number of vessels in Louisiana that 
utilize wing nets less than 26-ft (7.9-m) in length is also unknown, but is expected to represent a 
large portion of the fishery.  The results of our study indicate that these small wing net vessels 
would likely be able to accommodate a TED, so in addition to expanding testing within Biscayne 
Bay, it would be beneficial to expand this study and evaluate TED use in small wing nets in 
Louisiana.  
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Appendix I – Towing and Catch Data 
1) GIS tracks for TED evaluations (UNO 2017-03) testing conducted in the 8 ft try net inshore 
Date Tow # TED Location Lat. In Long In Lat. Out Long. Out 
9/12/17 1 STBD 30.18691 88.42642 N 30.32432 88.68908 
9/12/17 2 STBD 30.32574 88.68734 30.31353 88.71202 
9/12/17 3 STBD 30.31175 88.71391 30.30139 88.73917 
9/12/17 4 STBD 30.30041 88.73429 30.30462 88.70763 
9/12/17 5 STBD 30.32466 88.68365 30.31025 88.70145 
9/12/17 6 STBD 30.31914 88.65522 30.32594 88.67979 
9/13/17 7 STBD 30.31814 88.65046 30.30711 88.62724 
9/13/17 8 STBD 30.30656 88.62966 30.32002 88.65329 
9/13/17 9 STBD 30.3213 88.65651 30.31803 88.68372 
9/13/17 10 STBD 30.31717 88.90005 30.31241 88.71662 
9/13/17 11 STBD 30.31215 88.71711 30.31809 88.69106 
9/13/17 12 STBD 30.31785 88.68691 30.32285 88.65964 
9/13/17 13 STBD 30.32309 88.65961 30.32096 88.68717 
9/13/17 14 STBD 30.3212 88.69202 30.3125 88.71442 
9/13/17 15 STBD 30.31029 88.71346 30.32085 88.6923 
9/13/17 16 STBD 30.3204 88.6922 30.3117 88.71376 
9/13/2017 17 Port  30.31963 88.68764 30.3166 88.7128 
9/13/2017 18 Port  30.31651 88.71269 30.32379 88.68742 
9/13/2017 19 Port  30.32463 88.68262 30.32261 88.65653 
9/13/2017 20 Port  30.32228 88.65628 30.31841 88.67915 
9/13/2017 21 Port  30.31887 88.67988 30.31735 88.70554 
9/13/2017 22 Port  30.31586 88.70878 30.30351 88.72976 
9/13/2017 23 Port  30.30244 88.73294 30.31058 88.75758 
9/13/2017 24 Port  30.31237 88.75636 30.30061 88.731 
9/14/2017 25 Port  30.30071 88.72615 30.31712 88.70581 
9/14/2017 26 Port  30.31808 88.70174 30.32775 88.6778 
9/14/2017 27 Port  30.3273 88.67651 30.31939 88.7001 
9/14/2017 28 Port  30.30793 88.72491 30.32424 88.70189 
9/14/2017 29 Port  30.32336 88.70268 30.30671 88.72002 
9/14/2017 30 Port  30.30628 88.771846 30.32562 88.6981 
9/14/2017 31 Port  30.32679 88.69836 30.31029 88.71648 
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2)  GIS tracks for TED evaluations (UNO 2017-4) testing conducted in the 10-ft try net inshore 
Date Tow # TED Location Lat. In Long In Lat. Out  Long. Out 
9/15/17 1 STBD 29.60194 88.3812 29.5781  88.3854 
9/15/17 2 STBD 29.58077 88.38556 29.60553  88.38537 
9/15/17 3 STBD 29.60823 88.38522 29.58488  88.3858 
9/15/17 4 STBD 29.58656 88.38477 29.61217  88.38246 
9/15/17 5 Port 29.63908 88.38008 29.61441  88.37835 
9/15/17 6 Port 29.61175 88.37451 29.58718  88.3755 
9/16/17 7 Port 29.58191 88.37668 29.55754  88.38586 
9/16/17 8 Port 29.55997 88.38332 29.58658  88.37876 
9/19/17 9 Port 29.58187 88.38252 29.55832  88.38403 
9/19/17 10 Port 29.55957 88.38132 29.58479  88.37925 
9/19/17 11 Port 29.58396 88.37852 29.56636  88.39298 
9/19/17 12 Port 29.56154 88.39761 29.54072  88.40786 
9/20/17 13 Port 29.54253 88.4083 29.56804  88.40447 
9/20/17 14 Port 29.57028 88.40234 29.39896  88.39896 
9/20/17 15 Port 29.5497 88.3969 29.57421  88.3936 
9/20/17 16 Port 29.5753 88.39305 29.55594  88.40821 
9/20/17 17 Port 29.55032 88.40985 29.5272  88.40585 
9/20/17 18 Port 29.52966 88.40424 29.55354  88.40211 
9/20/17 19 Port 29.53912 88.40697 29.56236  88.40366 
9/20/17 20 STBD 29.57118 88.40594 29.58683  88.38393 
9/20/17 21 STBD 2961968 88.37957 29.59612  88.38301 
9/20/17 22 STBD 29.58916 88.38548 29.56564  88.38938 
9/20/17 23 STBD 29.55889 88.39142 29.53738  88.40158 
9/20/17 24 STBD 29.53197 88.40707 29.5205  88.42977 
9/21/17 25 STBD 29.54085 88.39835 29.56428  88.39624 
9/21/17 26 STBD 29.56581 88.39575 29.54282  88.3968 
9/21/17 27 STBD 29.53634 88.39593 29.51386  88.39383 
9/21/17 28 STBD 29.51422 88.39364 29.53717  88.39393 
9/21/17 29 STBD 29.53869 88.39148 29.51571  88.38689 
9/21/17 30 STBD 29.51499 88.38663 29.53732  88.3867 
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3) GIS tracks for TED evaluations conducted in skimmer vessel MS-01 equipped with TED 
UNO-2017-05 
Date Tow # TED Location Lat. In Long In Lat. Out Long. Out 
9/27/17 1 Port 30.354 88.79456 30.34378 88.78923 
9/27/17 2 Port 30.34378 88.78926 30.33084 88.78513 
9/27/17 3 Port 30.33084 88.78513 30.33798 88.78773 
9/27/17 4 Port 30.33798 88.78773 30.33029 88.7868 
9/27/17 5 Port 30.33029 88.7868 30.33149 88.78827 
9/27/17 6 Port 30.33149 88.78827 30.34546 88.78861 
9/28/17 1 STBD 30.21176 88.47661 30.20449 88.47085 
9/28/17 2 STBD 30.26449 88.47085 30.19633 88.47108 
9/28/17 3 STBD 30.1984 88.47194 30.20666 88.47374 
9/28/17 4 STBD 30.20666 84.47374 30.21336 88.47714 
9/28/17 5 STBD 30.21336 88.47714 30.20514 88.47281 
9/28/17 6 STBD 30.20514 88.47281 30.21127 88.47604 
9/29/17 1 STBD 30.34817 88.7676 30.33522 88.74309 
9/29/17 2 STBD 30.34138 88.75888 30.35046 88.77197 
9/29/17 3 STBD 30.35046 88.77197 30.35426 88.77515 
9/29/17 4 STBD 30.35426 88.77515 30.34491 88.76311 
9/29/17 5 STBD 30.34491 88.76311 30.33828 88.74912 
10/25/17 1 Port 30.35258 88.77319 30.34317 88.76031 
10/25/17 2 Port 30.34121 88.75831 30.34121 88.75831 
10/25/17 3 Port 30.33618 88.44933 30.20712 88.45824 
10/25/17 4 Port 30.20834 88.45999 30.21128 88.46395 
10/25/17 5 Port 30.20826 88.47179 30.35283 88.79374 
10/25/17 6 Port 30.35439 88.7954 30.3575 88.79776 
10/29/17 1 Port 30.35763 88.79514 30.34413 88.7882 
10/29/17 3 Port 30.36013 88.79896 30.36259 88.79176 
10/29/17 4 Port 30.35113 88.79089 30.35393 88.79475 
10/29/17 5 Port 30.35393 88.79475 30.35739 88.79782 
10/29/17 6 Port 30.35698 88.79639 30.35454 88.79729 
10/30/17 1 Port 30.36222 88.80222 30.35239 88.79233 
10/30/17 2 Port 30.35152 88.79095 30.35367 88.79469 
10/30/17 3 Port 30.35429 88.79497 30.35401 88.79384 
10/30/17 4 Port 30.35317 88.79237 30.35882 88.79846 
10/30/17 5 Port 30.35944 88.79937 30.35306 88.7931 
10/30/17 6 Port 30.35238 88.79275 30.3541 88.79485 
11/4/17 1 STBD 30.35346 88.77414 30.35672 88.77921 
11/4/17 2 STBD 30.35722 88.77821 30.34581 88.76501 
11/4/17 3 STBD 30.34474 88.76362 30.33704 88.74822 
11/4/17 4 STBD 30.33615 88.74797 30.33963 88.75204 
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11/4/17 5 STBD 30.33895 88.75127 30.33643 88.75403 
11/4/17 6 STBD 30.33704 88.75516 30.34827 88.76788 
11/5/17 1 Port 30.36034 88.78298 30.35024 88.77061 
11/5/17 2 Port 30.34975 88.76936 30.34002 88.75679 
11/5/17 3 Port 30.33958 88.756 30.34345 88.76035 
11/5/17 4 Port 30.34513 88.76328 30.34102 88.7561 
11/5/17 5 Port 30.34156 88.75687 30.35124 88.77066 
11/5/17 6 Port 30.35055 88.76988 30.3477 88.768 
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4)  GIS tracks for TED evaluations conducted in skimmer vessel LA-01 equipped with TED 
UNO-2017-09. 
Date Tow # TED Location Lat. In Long In Lat. Out Long. Out 
11/2/17 1 STDB 29.37227 90.70682 29.36572 90.6959 
11/2/17 2 STDB 29.36825 90.6789 29.37798 90.66051 
11/2/17 3 STDB 29.37798 90.66051 29.38326 90.68054 
11/2/17 4 STDB 29.38428 90.68192 29.38551 90.68211 
11/2/17 5 STDB 29.37935 90.67953 29.37302 90.66698 
11/2/17 6 STDB 29.37302 90.66698 29.380074 90.65254 
11/2/17 1 STDB 29.2739 90.61481 29.26036 90.61906 
11/2/17 2 STDB 29.26306 90.61906 29.24952 90.6113 
11/2/17 3 STDB 29.26636 90.61906 29.24174 90.59811 
11/2/17 4 STDB 29.24175 90.59811 29.23511 90.58694 
11/2/17 5 STDB 29.23494 90.58587 29.23024 90.57457 
11/2/17 6 STDB 29.23024 90.57457 29.24204 90.57926 
11/3/17 1 STDB 29.37377 90.67336 29.36213 90.6709 
11/3/17 2 STDB 29.36213 90.6709 29.37141 90.67299 
11/3/17 3 STDB 29.37141 90.67299 29.3603 90.67379 
11/3/17 4 STDB 29.36036 90.67379 29.36631 90.66178 
11/3/17 5 STDB 29.36631 90.66178 29.37877 90.6676 
11/3/17 6 STDB 29.37877 90.66178 29.38453 90.68271 
11/4/17 1 Port 29.38383 90.67919 29.38454 90.68404 
11/4/17 2 Port 29.38803 90.68466 29.38454 90.68404 
11/4/17 3 Port 29.38168 90.67198 29.3703 90.67199 
11/4/17 4 Port 29.37025 90.67278 29.37786 90.66701 
11/4/17 5 Port 29.37956 90.66502 29.36746 90.66742 
11/4/17 6 Port 29.36746 90.66502 29.37275 90.67512 
11/4/17 1 Port 29.24875 90.59883 29.24183 90.60073 
11/4/17 2 Port 29.24183 90.60073 29.24449 90.59675 
11/4/17 3 Port 29.24449 90.59675 29.24147 90.59129 
11/4/17 4 Port 29.24147 90.59129 29.23189 90.5774 
11/4/17 5 Port 29.22927 90.57676 29.23316 90.58204 
11/4/17 6 Port 29.22927 90.57676 29.23757 90.58926 
11/5/17 1 Port 29.24459 90.57603 29.21229 90.57317 
11/5/17 2 Port 29.21229 90.57317 29.20967 90.56917 
11/5/17 3 Port 29.20967 90.56917 29.21624 90.58014 
11/5/17 4 Port 29.21624 90.56917 29.20881 90.5843 
11/5/17 5 Port 29.20881 90.5883 29.20133 90.59518 
11/5/17 6 Port 29.20133 90.59518 29.19865 90.61118 
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5) GIS tracks for TED evaluations conducted in skimmer vessel LA-02 equipped with TED 
UNO-2017-10. 
Date Tow # Lat. In Long In Lat. Out Long. Out 
11/16/17 1 29.38407 90.68124 29.39094 90.68552 
11/16/17 2 29.39263 91.68462 29.38614 91367875 
11/16/17 3 29.3861 90.68035 29.3838 90.6698 
11/16/17 4 29.38411 90.67083 29.39016 90.68542 
11/16/17 5 29.39112 91.68513 29.39412 90.68626 
11/16/17 6 29.39512 90.68552 29.38572 90.67741 
11/17/17 1 29.1977 90.66547 29.18037 90.65843 
11/17/17 2 29.17862 90.65775 29.19069 90.66185 
11/17/17 3 29.19259 90.66299 29.19546 90.66171 
11/17/17 4 29.19403 90.66119 29.17986 90.65842 
11/17/17 5 29.18112 90.65868 29.19423 90.66519 
11/17/17 6 29.19547 90.66514 29.18838 90.66125 
11/17/17 1 29.2028 90.66728 29.19155 90.66083 
11/17/17 2 29.18968 90.66043 29.20197 90.6643 
11/17/17 3 29.20096 90.66392 29.18869 90.66032 
11/17/17 4 29.20601 90.6794 29.22144 90.68322 
11/17/17 5 29.22144 90.68264 29.21027 90.68765 
11/17/17 6 29.2094 90.68643 29.21971 90.68225 
11/27/17 1 29.20281 90.66723 29.19417 90.66447 
11/27/17 2 29.19582 90.66496 29.19602 90.66116 
11/27/17 3 29.19493 90.66026 29.20075 90.66718 
11/27/17 4 29.19901 90.66622 29.18511 90.65991 
11/27/17 5 29.18372 90.6593 29.17003 90.65041 
11/27/17 6 29.16889 90.64902 29.1787 90.65755 
11/27/17 7 29.20033 90.66224 29.20222 90.66389 
11/28/17 1 29.20271 90.66743 29.19255 90.66362 
11/28/17 2 29.19391 90.66447 29.19892 90.66499 
11/28/17 3 29.19757 90.66634 29.19824 90.66592 
11/28/17 4 29.19909 90.6661 29.19065 90.66244 
11/28/17 5 29.18921 90.66143 29.17409 90.65565 
11/28/17 6 29.17268 90.65513 29.17472 90.65569 
11/28/17 1 29.2038 90.66708 29.20257 90.66394 
11/28/17 2 29.20107 90.66338 29.18646 90.65958 
11/28/17 3 29.18542 90.66066 29.202 90.66809 
11/28/17 4 29.20268 90.66698 29.0233 90.66393 
11/28/17 5 29.20279 90.66579 29.1992 90.66252 
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6) GIS tracks for TED evaluations conducted in wing net vessel FL-01 equipped with TED 
UNO-2018-02. 
Date Tow # TED Location Lat. In Long In Lat. Out Long. Out 
4/11/18 6 STBD 25.77001 80.17038 25.7686 80.16608 
4/13/18 1 STBD 25.77436 80.18248 25.7699 80.18748 
4/13/18 2 STBD 25.77041 80.18604 25.77021 80.18704 
4/13/18 3 STBD 25.7702 80.18604 25.77398 80.17813 
4/14/18 4 STBD 25.77357 80.17943 25.77056 80.18508 
4/14/18 5 STBD 25.77257 80.18344 25.76765 80.16482 
4/14/18 6 STBD 25.76804 80.16503 25.76864 80.16733 
4/16/18 1 Port 25.7704 80.17113 25.77057 80.1711 
4/16/18 2 Port 25.77015 80.16964 25.76991 80.16926 
4/16/18 4 Port 25.77361 80.17863 25.7688 80.16721 
4/16/18 5 Port 25.76879 80.1672 25.76941 80.16822 
4/16/18 6 Port 25.76993 80.16959 25.77063 80.17126 
4/17/18 1 Port 25.76818 80.16588 25.76721 80.16399 
4/17/18 2 Port 25.76721 80.16399 25.77233 80.17576 
4/17/18 3 Port 25.77233 80.17576 25.76941 80.16843 
4/17/18 4 Port 25.76941 80.16843 25.77172 80.17464 
4/17/18 5 Port 25.77172 80.17464 25.76836 80.16529 
4/17/18 6 Port 25.76836 80.16529 25.77125 80.1731 
5/1/18 1 STBD 25.74419 80.185 25.74453 80.18435 
5/1/18 2 STBD 25.74309 80.18468 25.74535 80.18151 
5/1/18 3 STBD 25.76658 80.16648 25.76664 80.16214 
5/1/18 4 STBD 25.76584 80.15987 25.76785 80.16565 
5/1/18 5 STBD 25.76726 80.165 25.76932 80.16772 
5/1/18 6 STBD 25.76914 80.1677 25.76786 80.16656 
5/1/18 7 STBD 25.7672 80.16605 25.76857 80.16806 
5/2/18 1 STBD 25.74166 80.18672 25.74554 80.18545 
5/2/18 2 STBD 25.74435 80.18378 25.74284 80.18427 
5/2/18 3 STBD 25.74519 80.18382 25.74325 80.18335 
5/2/18 4 STBD 25.76545 80.16669 25.7685 80.16694 
5/2/18 5 STBD 25.76842 80.16699 25.76587 80.15585 
5/2/18 6 STBD 25.76591 80.15622 25.76605 80.15852 
5/3/18 1 Port 25.74404 80.18533 25.74437 80.18485 
5/3/18 2 Port 25.74435 80.18506 25.74493 80.18312 
5/3/18 3 Port 25.74424 80.18342 25.74464 80.18687 
5/3/18 4 Port 25.76831 80.16651 25.77236 80.17465 
5/3/18 5 Port 25.77255 80.17577 25.77198 80.17388 
5/3/18 6 Port 25.77072 80.17095 25.76951 80.16936 
5/4/18 1 Port 25.7428 80.18507 25.7454 80.18404 
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5/4/18 2 Port 25.74563 80.18649 25.74543 80.18511 
5/4/18 3 Port 25.74582 80.18529 25.74361 80.18324 
5/4/18 4 Port 25.76801 80.16672 25.77027 80.16972 
5/4/18 5 Port 25.77034 80.16988 25.77176 80.17337 
5/4/18 6 Port 25.77176 80.17339 25.77 80.1699 
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7)  GIS tracks for TED evaluations conducted in wing net vessel FL-01 equipped with TED 
UNO-2018-01. 
Date Tow # TED 
Location 
Lat. In Long In Lat. Out Long. Out 
4/10/18 3 STBD 25.77289 80.17991 25.77283 80.17516 
4/10/18 6 STBD 25.77059 80.17059 25.77328 80.177 
4/12/18 4 STBD 25.74827 80.17979 25.74721 80.18258 
4/12/18 5 STBD 25.74709 80.18175 25.74755 80.17967 
4/12/18 6 STBD 25.7485 80.17934 25.74767 80.1829 
4/17/18 1 Port 25.77045 80.18323 25.77145 80.17175 
4/17/18 2 Port 25.77087 80.17289 25.77177 80.17457 
4/17/18 3 Port 25.7723 80.1759 25.7692 80.16993 
4/17/18 4 Port 25.76838 80.16798 25.76938 80.16802 
5/27/18 1 Port 25.77518 80.18395 25.77658 80.18301 
5/27/18 2 Port 25.77668 80.1824 25.77471 80.17924 
5/27/18 3 Port 25.77471 80.17924 25.77829 80.18242 
5/27/18 4 Port 25.77829 80.18242 25.77901 80.18279 
5/27/18 5 Port 25.77901 80.18279 25.77607 80.18076 
5/27/18 6 Port 25.77607 80.18076 25.7739 80.1834 
5/28/18 1 Port 25.77194 80.18388 25.77701 80.18168 
5/28/18 2 Port 25.77701 80.18168 25.77872 80.18263 
5/28/18 3 Port 25.77872 80.18263 25.7777 80.103 
5/28/18 4 Port 25.77735 80.18241 25.77667 80.10362 
5/28/18 5 Port 25.77677 80.10362 25.77812 80.18245 
5/28/18 6 Port 25.77812 80.18245 25.77748 80.18359 
5/28/18 7 Port 25.77748 80.18359 25.77562 80.18359 
5/28/18 8 Port 25.77562 80.18359 25.77691 80.18346 
5/29/18 9 Port 25.77618 80.18413 25.77621 80.18401 
5/29/18 1 STBD 25.77331 80.18433 25.77277 80.17736 
5/29/18 2 STBD 25.77847 80.10257 25.77752 80.18374 
5/29/18 3 STBD 25.77752 80.18374 25.77615 80.1839 
5/29/18 4 STBD 25.7892 80.18448 26.78892 80.1838 
5/30/18 5 STBD 25.7886 80.1853 25.78849 80.18446 
5/30/18 6 STBD 25.78849 80.18446 25.78606 80.18472 
5/30/18 7 STBD 25.78606 80.18472 25.78538 80.18492 
5/30/18 8 STBD 25.78602 80.18486 25.78602 80.18486 
5/30/18 1 STBD 25.78967 80.18237 25.78774 80.18523 
5/31/18 2 STBD 25.78774 80.18523 25.78897 80.1874 
5/31/18 3 STBD 25.78897 80.1874 25.78905 80.18454 
5/31/18 4 STBD 25.77342 80.17775 25.7679 80.16489 
5/31/18 5 STBD 25.76823 80.16537 25.76844 80.16617 
5/31/18 6 STBD 25.76844 80.16617 25.76972 80.16531 
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8) The towing data for TED evaluations conducted in the 8 ft try net on the R/V Caretta equipped 
with TED UNO-2017-03. 
Date Tow 
# 
TED 
Location 
Time 
In 
Depth 
In (ft) 
Tow 
Speed In 
Time 
Out 
Depth 
Out 
(ft) 
Tow 
Speed 
Out 
Tow Speed 
Avg. (kt) 
9/12/17 1 STBD 20:03 9.5 3.4 20:33 9.6 2.8 3.1 
9/12/17 2 STBD 20:44 9.3 3.5 21:15 9.1 3 3.25 
9/12/17 3 STBD 21:21 9.1 3.2 21:51 8.1 2.8 3 
9/12/17 4 STBD 22:01 8.5 3.1 22:31 10.5 2.4 2.75 
9/12/17 5 STBD 22:16 9.9 2.8 22:46 10.5 2.4 2.6 
9/12/17 6 STBD 22:53 10.1 2.8 23:23 9.7 3.1 2.95 
9/13/17 7 STBD 0:02 10.2 3 0:32 10.7 3.1 3.05 
9/13/17 8 STBD 0:38 11.6 2.7 1:08 10.2 3 2.85 
9/13/17 9 STBD 1:15 10.2 N/A 1:45 11 2.9 2.9 
9/13/17 10 STBD 1:56 11.1 N/A 2:26 9.7 3 3 
9/13/17 11 STBD 2:33 9.5 3 3:03 10.9 2.9 2.95 
9/13/17 12 STBD 3:10 11.2 3.1 3:41 10.2 3 3.05 
9/13/17 13 STBD 3:48 10.2 3.1 4:18 10.7 2.9 3 
9/13/17 14 STBD 4:26 10.6 2.7 4:56 10.1 2.7 2.7 
9/13/17 15 STBD 5:04 10.2 3.3 5:34 10.4 2.9 3.1 
9/13/17 16 STBD 5:39 10.7 2.8 6:09 9.9 2.8 2.8 
9/13/2017 17 Port  19:18 9.9 3 19:48 8.8 2.7 2.85 
9/13/2017 18 Port  19:56 9.1 2.6 20:26 9.6 2.9 2.75 
9/13/2017 19 Port  20:35 9.2 
 
21:05 9.4 2.8 2.8 
9/13/2017 20 Port  21:11 9.9 3 21:42 9.2 2.8 2.9 
9/13/2017 21 Port  21:49 10.4 2.6 22:19 10.1 2.7 2.65 
9/13/2017 22 Port  22:26 9.6 2.4 22:56 8.3 2.8 2.6 
9/13/2017 23 Port  23:01 
  
23:32 9.1 2.9 2.9 
9/13/2017 24 Port  23:40 8.9 3.1 0:10 8.7 3.1 3.1 
9/14/2017 25 Port  0:16 9.1 2.9 0:46 10.1 3 2.95 
9/14/2017 26 Port  0:53 10 2.9 1:23 9.7 2.9 2.9 
9/14/2017 27 Port  1:28 10.2 3 1:58 10.4 2.7 2.85 
9/14/2017 28 Port  2:45 8.6 3.2 3:15 9.5 3.1 3.15 
9/14/2017 29 Port  3:23 9.7 2.9 3:53 9.4 3 2.95 
9/14/2017 30 Port  4:00 9.7 3.2 4:30 10 3 3.1 
9/14/2017 31 Port  4:37 9.4 2.9 5:07 9.6 3 2.95 
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9) The towing data for TED evaluations conducted in the 10-ft try net on the R/V Caretta 
equipped with TED UNO-2017-04. 
Date Tow 
# 
TED 
Location 
Time 
In 
Depth 
In (ft) 
Tow 
Speed 
In 
Time 
Out 
Depth 
Out 
Tow 
Speed 
Out 
Tow 
Speed 
Avg. (kt) 
9/15/17 1 STBD 19:24 129 2.7 7:54 140 2.9 2.8 
9/15/17 2 STBD 20:05 133 2.9 20:35 128 2.9 2.9 
9/15/17 3 STBD 20:46 130 3.1 21:16 136 3.6 3.35 
9/15/17 4 STBD 21:25 133 2.9 21:55 129 2.9 2.9 
9/15/17 5 Port 22:53 131 3.0 23:23 131 3.1 3.05 
9/15/17 6 Port 23:38 134 3.0 0:07 133 - 3 
9/16/17 7 Port 0:17 142 3.2 12:47 145 3.4 3.3 
9/16/17 8 Port 0:57 141 3.3 1:27 134 3.1 3.2 
9/19/17 9 Port 21:49 139 2.8 22:20 149 2.8 2.8 
9/19/17 10 Port 22:31 141 2.8 23:01 139 2.9 2.85 
9/19/17 11 Port 23:15 139 3.1 23:45 140 2.8 2.95 
9/19/17 12 Port 23:57 147 2.8 0:27 154 2.7 2.75 
9/20/17 13 Port 0:36 151 3.0 1:06 146 3 3 
9/20/17 14 Port 1:18 144 2.8 1:48 151 2.8 2.8 
9/20/17 15 Port 1:59 150 3.0 2:29 140 2.9   
9/20/17 16 Port 2:41 139 2.7 3:11 147 2.7 2.7 
9/20/17 17 Port 3:23 152 2.9 3:53 156 2.8 2.85 
9/20/17 18 Port 4:06 162 2.8 4:36 151 2.9 2.85 
9/20/17 19 Port 19:00 155 2.8 19:30 148 2.7 2.75 
9/20/17 20 STBD 20:09 140 2.7 20:40 139 2.9 2.8 
9/20/17 21 STBD 21:33 128 2.9 22:03 133 2.8 2.85 
9/20/17 22 STBD 22:13 138 2.7 22:43 140 2.9 2.8 
9/20/17 23 STBD 22:54 149 2.8 23:25 154 2.8 2.8 
9/20/17 24 STBD 23:36 157 3.0 0:06 157 2.8 2.9 
9/21/17 25 STBD 0:57 157 2.9 1:27 149 2.9 2.9 
9/21/17 26 STBD 1:38 145 2.9 2:08 152 2.8 2.85 
9/21/17 27 STBD 2:23 159 2.7 2:53 158 2.8 2.75 
9/21/17 28 STBD 3:05 160 2.9 3:35 159 2.8 2.85 
9/21/17 29 STBD 3:47 154 2.8 4:17 157 2.9 2.85 
9/21/17 30 STBD 4:27 154 2.8 4:58 153 2.6 2.7 
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10) The towing data for TED evaluations conducted in the skimmer vessel FV MS-01 equipped 
with TED UNO-2017-05. 
Date Tow 
# 
TED 
Location 
Time 
In 
Depth 
In (ft) 
Speed 
In (kt) 
Time 
Out 
Depth 
Out 
(ft) 
Tow 
Time 
Speed 
Out 
(kt) 
Speed 
Avg. 
(kt) 
9/27/17 1 Port 19:21 7 2.1 19:51 7.7 0:30 2.1 2.1 
9/27/17 2 Port 19:52 7.2 1.9 20:22 8.2 0:30 2.0 1.9 
9/27/17 3 Port 20:23 8.2 2.0 20:53 7.6 0:30 2.0 2.0 
9/27/17 4 Port 20:54 7.6 2.0 21:24 2 0:30 2.0 2.0 
9/27/17 5 Port 21:25 7.8 2.0 21:55 8.5 0:30 2.0 2.0 
9/27/17 6 Port 21:56 8.5 2.0 22:26 7.5 0:30 2.0 2.0 
9/28/17 1 STBD 19:30 6.7 2.2 20:00 7.2 0:30 2.2 2.2 
9/28/17 2 STBD 20:01 7.2 2.2 20:31 8.3 0:30 2.1 2.1 
9/28/17 3 STBD 20:46 7.7 2.2 21:16 7.4 0:30 2.2 2.2 
9/28/17 4 STBD 21:17 7.4 2.2 21:47 6.8 0:30 2.1 2.1 
9/28/17 5 STBD 21:48 6.8 1.9 22:18 7.8 0:30 2.0 2.0 
9/28/17 6 STBD 22:19 7.8 2.1 22:49 7.3 0:30 2.0 2.1 
9/29/17 1 STBD 20:10 7.2 2.1 20:40 5.5 0:30 2.2 2.2 
9/29/17 2 STBD 21:00 7.2 2.3 21:30 7.5 0:30 2.4 2.3 
9/29/17 3 STBD 21:31 7.5 2.4 22:01 7.8 0:30 2.2 2.3 
9/29/17 4 STBD 22:02 7.8 1.9 22:32 7.4 0:30 1.9 1.9 
9/29/17 5 STBD 22:33 7.4 1.9 23:03 6 0:30 1.9 1.9 
10/25/17 1 Port 18:49 7 2.0 19:19 6.9 0:30 2.0 2.0 
10/25/17 2 Port 19:29 6 2.0 19:59 5.3 0:30 2.0 2.0 
10/25/17 3 Port 20:23 6 1.9 20:53 7 0:30 1.9 1.9 
10/25/17 4 Port 21:00 8.5 2.0 21:30 8.7 0:30 2.0 2.0 
10/25/17 5 Port 21:38 7.2 1.8 22:08 7 0:30 1.8 1.8 
10/25/17 6 Port 22:09 
  
22:39 6 0:30 1.7 1.7 
10/29/17 1 Port 18:34 7 2.1 19:04 6.2 0:30 2.1 2.1 
10/29/17 3 Port 19:53 6 2.0 20:23 5.9 0:30 2.0 2.0 
10/29/17 4 Port 20:26 6.8 2.1 20:56 6.2 0:30 2.1 2.1 
10/29/17 5 Port 21:02 6.2 1.5 21:33 6.1 0:31 1.6 1.6 
10/29/17 6 Port 21:37 1.5 1.5 22:07 6 0:30 1.4 1.5 
10/30/17 1 Port 18:28 5.6 2.0 18:58 6.4 0:30 2.0 2.0 
10/30/17 2 Port 19:02 1.7 1.7 19:32 6.1 0:30 2.0 1.9 
10/30/17 3 Port 19:35 6.1 1.9 20:05 6.1 0:30 1.9 1.9 
10/30/17 4 Port 20:10 6.5 1.8 20:41 6.2 0:31 2.0 1.9 
10/30/17 5 Port 20:45 6.2 2.1 21:15 6.8 0:30 2.0 2.1 
10/30/17 6 Port 21:21 6.8 1.9 21:51 6.5 0:30 2.1 2.0 
11/4/17 1 STBD 17:39 8 2.3 18:09 9 0:30 2.1 2.2 
11/4/17 2 STBD 18:12 8.5 1.9 18:42 8.2 0:30 2.1 2.0 
11/4/17 3 STBD 18:45 8 2.1 19:15 6.5 0:30 2.2 2.1 
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11/4/17 4 STBD 19:22 6.9 2.2 19:52 7.1 0:30 2.3 2.3 
11/4/17 5 STBD 19:55 6.9 2.2 20:25 7.9 0:30 2.2 2.2 
11/4/17 6 STBD 20:27 8 
 
20:57 8.4 0:30 2.3 2.3 
11/5/17 1 Port 17:03 8.6 1.9 17:33 8.3 0:30 2.0 2.0 
11/5/17 2 Port 17:35 8.4 1.9 18:05 7.9 0:30 2.0 1.9 
11/5/17 3 Port 18:07 7.8 1.9 18:37 8.3 0:30 1.8 1.9 
11/5/17 4 Port 18:45 8.3 2.0 19:15 7.8 0:30 2.1 2.0 
11/5/17 5 Port 19:18 8.2 2.1 19:48 8.6 0:30 2.3 2.2 
11/5/17 6 Port 19:51 7.6 2.4 20:21 8.6 0:30 2.3 2.3 
 
  
127 
 
11) The towing data for TED evaluations conducted in the skimmer vessel FV LA-01 equipped 
with TED UNO-2017-09. 
Date Tow 
# 
TED 
Location 
Time 
In 
Depth 
In (ft) 
Speed 
In 
(kt) 
Time 
Out 
Depth 
Out 
(ft) 
Tow 
Time 
Speed 
Out 
(kt) 
Depth 
Avg. 
(ft) 
Speed 
Avg.  
(kt) 
11/2/17 1 STDB 5:20 8 2.1 5:50 6 0:30 1.9 7 2.0 
11/2/17 2 STDB 6:08 3 2.5 6:38 3 0:30 2 3 2.3 
11/2/17 3 STDB 6:50 3 2.0 7:22 2.5 0:32 2 2.75 2.0 
11/2/17 4 STDB 7:41 3 2.2 8:14 3 0:33 2.1 3 2.2 
11/2/17 5 STDB 8:33 2.5 2.5 9:05 3.5 0:32 2.2 3 2.4 
11/2/17 6 STDB 9:14 4 2.2 9:46 3.5 0:32 2.5 3.75 2.4 
11/2/17 1 STDB 18:47 3.5 2.0 19:17 3.5 0:30 2.1 3.5 2.1 
11/2/17 2 STDB 19:17 3.5 2.0 19:49 3.5 0:32 2.1 3.5 2.1 
11/2/17 3 STDB 19:49 3.5 2.1 20:19 3.5 0:30 2 3.5 2.1 
11/2/17 4 STDB 20:21 3.5 2.1 20:51 3.5 0:30 2.1 3.5 2.1 
11/2/17 5 STDB 20:53 3.5 2.1 21:23 4 0:30 2.1 3.75 2.1 
11/2/17 6 STDB 21:23 4 2.2 21:53 5 0:30 2.2 4.5 2.2 
11/3/17 1 STDB 7:21 3 2.4 7:52 3 0:31 2.3 3 2.4 
11/3/17 2 STDB 7:56 4 2.0 8:29 4 0:33 2.1 4 2.1 
11/3/17 3 STDB 8:36 3 2.0 9:06 3 0:30 2.1 3 2.1 
11/3/17 4 STDB 9:06 3 2.1 9:36 3.5 0:30 2.1 3.25 2.1 
11/3/17 5 STDB 9:43 3 2.1 10:14 3 0:31 2.1 3 2.1 
11/3/17 6 STDB 10:14 3.5 2.1 10:44 3.5 0:30 2.1 3.5 2.1 
11/4/17 1 Port 4:59 3.5 2.3 5:29 3.5 0:30 2.3 3.5 2.3 
11/4/17 2 Port 5:38 4.4 2.3 6:08 3 0:30 2.3 3.7 2.3 
11/4/17 3 Port 6:22 3 2.3 6:52 3 0:30 2.3 3 2.3 
11/4/17 4 Port 6:53 3 2.2 7:23 3 0:30 2.3 3 2.3 
11/4/17 5 Port 7:31 5 2.2 8:01 5 0:30 2.2 5 2.2 
11/4/17 6 Port 8:02 5 2.1 8:33 5 0:31 2.1 5 2.1 
11/4/17 1 Port 18:42 3.5 2.3 19:23 3.6 0:41 2.3 3.55 2.3 
11/4/17 2 Port 19:24 3.5 2.3 19:54 3.5 0:30 2.3 3.5 2.3 
11/4/17 3 Port 19:54 6.5 2.3 20:24 6.5 0:30 2.3 6.5 2.3 
11/4/17 4 Port 20:25 4.5 2.2 20:55 4.5 0:30 2.2 4.5 2.2 
11/4/17 5 Port 21:11 5 2.2 21:41 5 0:30 2.2 5 2.2 
11/4/17 6 Port 21:42 5 2.2 22:12 5 0:30 2.2 5 2.2 
11/5/17 1 Port 3:02 5 2.5 3:32 5.5 0:30 2.2 5.25 2.4 
11/5/17 2 Port 3:33 5.5 2.2 4:03 5 0:30 2 5.25 2.1 
11/5/17 3 Port 4:04 5 2.1 4:34 5 0:30 2.2 5 2.2 
11/5/17 4 Port 4:35 5.5 2.1 5:05 5.5 0:30 2.1 5.5 2.1 
11/5/17 5 Port 5:10 5.5 2.1 5:40 6 0:30 2 5.75 2.1 
11/5/17 6 Port 5:41 5.5 2.1 6:13 5.5 0:32 2.1 5.5 2.1 
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12)  The towing data for TED evaluations conducted in the skimmer vessel FV LA-02 equipped 
with TED UNO-2017-10. For testing conducted on 11/16/2017 there was no depth finder 
available so there are no tow speeds available for that date and all depths were estimated. 
Date Tow 
# 
TED 
Location 
Time 
In 
Depth 
In (ft) 
Speed 
In (kt) 
Time 
Out 
Depth 
Out (ft) 
Speed 
Out (kt) 
Speed 
Avg. (kt) 
11/16/17 1 Port 12:15 7 N/A 12:45 7 N/A N/A 
11/16/17 2 Port 12:47 6 N/A 13:47 6 N/A N/A 
11/16/17 3 Port 13:19 5 N/A 13:49 5 N/A N/A 
11/16/17 4 Port 13:50 6 N/A 14:20 6 N/A N/A 
11/16/17 5 Port 14:22 7 N/A 14:42 7 N/A N/A 
11/16/17 6 Port 14:54 4 N/A 15:24 4 N/A N/A 
11/17/17 1 Port 5:46 4 N/A 6:16 4 N/A N/A 
11/17/17 2 Port 6:18 5 2.4 6:48 5 2.2 2.3 
11/17/17 3 Port 6:56 3 2.4 7:26 3 2.7 2.6 
11/17/17 4 Port 7:28 5 2.5 7:58 5 2.1 2.3 
11/17/17 5 Port 8:00 6 2.0 8:30 6 2 2.0 
11/17/17 6 Port 8:32 6 2.0 9:02 6 2.4 2.2 
11/17/17 1 Port 18:13 5 2.0 18:43 5 1.9 2.0 
11/17/17 2 Port 18:46 7 2.4 19:16 7 1.9 2.2 
11/17/17 3 Port 19:18 7 1.9 19:48 7 1.9 1.9 
11/17/17 4 Port 20:08 5.5 2.4 20:39 5.5 2.4 2.4 
11/17/17 5 Port 20:51 6 2.0 21:21 6 2 2.0 
11/17/17 6 Port 21:23 5 1.9 21:53 5 1.9 1.9 
11/27/17 1 STBD 18:19 3 2.3 18:49 5 2.6 2.5 
11/27/17 2 STBD 18:52 5 2.4 19:22 4 2.2 2.3 
11/27/17 3 STBD 19:24 5 2.7 19:54 5 2.6 2.7 
11/27/17 4 STBD 19:58 5.5 2.4 20:28 6 2.2 2.3 
11/27/17 5 STBD 20:31 6 2.3 21:01 5 2.2 2.3 
11/27/17 6 STBD 21:03 5 2.4 21:33 5 2.4 2.4 
11/27/17 7 STBD 21:47 2 2.2 22:17 2 2.4 2.3 
11/28/17 1 STBD 5:30 3 2.4 6:00 3 2.2 2.3 
11/28/17 2 STBD 6:02 4 2.0 6:32 3 2.5 2.3 
11/28/17 3 STBD 6:44 4 2.3 7:14 4 2.3 2.3 
11/28/17 4 STBD 7:17 5 2.4 7:47 6 2.2 2.3 
11/28/17 5 STBD 7:49 6 2.2 8:19 4 2.2 2.2 
11/28/17 6 STBD 8:21 4 2.3 8:51 3.5 2.5 2.4 
11/28/17 1 STBD 18:42 1.5 2.7 19:12 2 2.4 2.6 
11/28/17 2 STBD 19:14 3 2.4 19:44 4 2.2 2.3 
11/28/17 3 STBD 19:46 6 2.4 10:16 4 2.6 2.5 
11/28/17 4 STBD 20:18 3 2.4 20:48 2.5 2.5 2.5 
11/28/17 5 STBD 20:50 3 2.1 21:20 3 2.6 2.4 
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13) The towing data for TED evaluations conducted in wing net vessel FV FL-01 equipped with 
TED UNO-2018-02.  
Date Tow 
# 
TED 
Side 
Time 
In 
Depth 
In (ft) 
Speed 
In 
(kt) 
Time 
Out 
Depth 
Out 
(ft) 
Speed 
Out 
(kt) 
Tow 
Time 
Speed 
Avg. 
(kt) 
Depth 
Avg. 
(ft) 
4/11/18 6 STBD 23:17 33.1 4.0 0:02 47.8 4 0:45 4.0 40.5 
4/13/18 1 STBD 22:31 14 4.1 23:01 18.8 5 0:30 4.6 16.4 
4/13/18 2 STBD 23:05 14.4 5.1 23:35 14.1 5.1 0:30 5.1 14.3 
4/13/18 3 STBD 23:39 14 5.1 0:09 33.5 5.4 0:30 5.3 23.8 
4/14/18 4 STBD 0:12 31.7 4.9 0:42 12 4.9 0:30 4.9 21.9 
4/14/18 5 STBD 0:49 37 4.6 1:19 49.4 3.9 0:30 4.3 43.2 
4/14/18 6 STBD 1:22 48.7 3.0 1:52 49.4 4 0:30 3.5 49.1 
4/16/18 1 Port 1:17 35.1 5.3 1:47 35 4.8 0:30 5.1 35.1 
4/16/18 2 Port 1:50 47.3 5.2 2:20 45.5 3 0:30 4.1 46.4 
4/16/18 4 Port 3:23 32.1 4.8 3:53 48.5 4.2 0:30 4.5 40.3 
4/16/18 5 Port 3:56 46.9 4.8 4:26 47.3 4 0:30 4.4 47.1 
4/16/18 6 Port 4:30 35 2.5 5:00 36 3.5 0:30 3.0 35.5 
4/17/18 1 Port 0:01 14.6 4.8 0:31 19.7 5.8 0:30 5.3 17.2 
4/17/18 2 Port 0:31 19.7 5.8 1:01 34.8 4.9 0:30 5.4 27.3 
4/17/18 3 Port 1:01 34.8 4.9 1:31 21:36 4.9 0:30 4.9 40.4 
4/17/18 4 Port 1:35 45 4.5 2:05 31.7 4.9 0:30 4.7 38.4 
4/17/18 5 Port 2:07 32.6 4.5 2:37 46.8 5.8 0:30 5.2 39.7 
4/17/18 6 Port 2:38 49 4.3 3:08 29.7 4.8 0:30 4.6 39.4 
5/1/18 1 STBD 0:29 10.4 5.3 0:59 8 5.1 0:30 5.2 9.2 
5/1/18 2 STBD 1:08 9.4 5.4 1:38 11.6 5.9 0:30 5.7 10.5 
5/1/18 3 STBD 2:10 49.5 6.7 2:40 48.6 5.2 0:30 6.0 49.1 
5/1/18 4 STBD 2:43 50 6.1 3:13 49.4 6.2 0:30 6.2 49.7 
5/1/18 5 STBD 3:15 47.7 5.9 3:45 46.4 5 0:30 5.5 47.1 
5/1/18 6 STBD 3:48 47 4.8 4:18 49.1 5.9 0:30 5.4 48.1 
5/1/18 7 STBD 4:21 49.7 6.0 4:44 48.5 6 0:23 6.0 49.1 
5/2/18 1 STBD 0:55 10.2 5.5 1:25 7.4 4.8 0:30 5.2 8.8 
5/2/18 2 STBD 1:29 11.2 5.0 1:59 10.5 4.2 0:30 4.6 10.9 
5/2/18 3 STBD 2:11 11.3 5.2 2:41 9.4 4.5 0:30 4.9 10.4 
5/2/18 4 STBD 3:15 50.7 5.4 3:45 48.9 4.9 0:30 5.2 49.8 
5/2/18 5 STBD 3:47 49.3 6.3 4:17 49.6 4.6 0:30 5.5 49.5 
5/2/18 6 STBD 4:20 49.3 4.9 4:50 49.5 4.6 0:30 4.8 49.4 
5/3/18 1 Port 2:18 10 5.8 2:48 9.4 6.1 0:30 6.0 9.7 
5/3/18 2 Port 2:51 9.5 5.1 3:21 8.5 4.8 0:30 5.0 9.0 
5/3/18 3 Port 3:25 9.5 - 3:55 6.9 4.5 0:30 4.5 8.2 
5/3/18 4 Port 4:24 48.1 5.0 4:54 33.1 5 0:30 5.0 40.6 
5/3/18 5 Port 4:57 34.7 5.2 5:27 29.7 6 0:30 5.6 32.2 
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5/3/18 6 Port 5:30 34.3 4.6 6:00 47.7 4.6 0:30 4.6 41.0 
5/4/18 1 Port 1:42 10.6 5.0 2:12 9.1 4.9 0:30 5.0 9.9 
5/4/18 2 Port 2:22 7.6 4.9 2:52 8.4 4.5 0:30 4.7 8.0 
5/4/18 3 Port 2:55 11.2 4.5 3:25 11.8 4.1 0:30 4.3 11.5 
5/4/18 4 Port 4:09 49.2 5.1 9:21 47.1 5.1 5:12 5.1 48.2 
5/4/18 5 Port 4:41 49.6 5.1 5:11 30.7 5.1 0:30 5.1 40.2 
5/4/18 6 Port 5:13 31 5.0 5:43 46.3 4.9 0:30 5.0 38.7 
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14) The towing data for TED evaluations conducted in wing net vessel FV FL-02 equipped with 
TED UNO-2018-01.  
Date Tow 
# 
TED 
Side 
Time 
In 
Depth 
In (ft) 
Speed 
In 
(kt) 
Time 
Out 
Depth 
Out 
(ft) 
Speed 
Out 
(kt) 
Tow 
Time 
Tow 
Speed 
Avg. 
(kt) 
Depth 
Avg. 
(ft) 
4/10/18 3 STBD 22:02 30 2.0 22:32 30 3 0:30 2.5 30 
4/10/18 6 STBD 23:35 30 3.0 0:05 50 3 0:00 3.0 40 
4/12/18 11 STBD 22:34 15 3.0 23:04 15 3 0:30 3.0 15 
4/12/18 12 STBD 23:06 10 2.5 23:36 15 3 0:30 2.8 13 
4/12/18 13 STBD 23:37 10 2.5 0:07 15 2.5 0:00 2.5 13 
4/17/18 14 Port 0:22 15 3.0 0:52 30 3 0:30 3.0 23 
4/17/18 15 Port 0:55 30 3.0 1:25 30 3 0:30 3.0 30 
4/17/18 16 Port 1:26 30 3.0 1:56 35 3 0:30 3.0 33 
4/17/18 17 Port 1:58 40 3.5 2:28 50 3.5 0:30 3.5 45 
5/27/18 20 Port 20:41 15 4.3 21:01 15 4.2 0:20 4.3 15 
5/27/18 21 Port 21:26 15 3.0 21:51 15 3.2 0:25 3.1 15 
5/27/18 22 Port 21:51 15 3.0 22:16 15 3.1 0:25 3.1 15 
5/27/18 23 Port 22:16 15 3.0 22:36 15 3.2 0:20 3.1 15 
5/27/18 24 Port 22:39 15 3.3 22:59 15 3 0:20 3.2 15 
5/27/18 25 Port 22:59 15 3.3 23:19 15 3.1 0:20 3.2 15 
5/28/18 26 Port 20:53 15 3.1 21:18 15 3.1 0:25 3.1 15 
5/28/18 27 Port 21:18 15 3.0 21:43 15 2.9 0:25 3.0 15 
5/28/18 28 Port 21:43 15 2.9 22:08 15 4 0:25 3.5 15 
5/28/18 29 Port 22:08 15 3.8 22:33 15 4 0:25 3.9 15 
5/28/18 30 Port 22:34 15 4.0 22:59 15 4 0:25 4.0 15 
5/28/18 31 Port 21:00 15 4.0 23:25 15 3.9 2:25 4.0 15 
5/28/18 32 Port 21:25 15 3.5 21:50 15 3.8 0:25 3.7 15 
5/28/18 33 Port 21:51 15 3.9 0:16 15 3.9 0:25 3.9 15 
5/29/18 34 Port 0:16 15 3.9 0:41 15 3.8 0:25 3.9 15 
5/29/18 35 STBD 21:18 15 3.8 21:43 15 2.5 0:25 3.2 15 
5/29/18 36 STBD 22:28 15 3.0 22:53 15 2.6 0:25 2.8 15 
5/29/18 37 STBD 22:53 15 2.5 23:18 15 2.3 0:25 2.4 15 
5/29/18 38 STBD 23:36 15 3.4 0:01 15 3.1 0:25 3.3 15 
5/30/18 39 STBD 0:01 15 4.0 0:26 15 2.3 0:25 3.2 15 
5/30/18 40 STBD 0:31 15 2.5 0:56 15 2.8 0:25 2.7 15 
5/30/18 41 STBD 0:56 15 3.6 1:21 15 2.3 0:25 3.0 15 
5/30/18 42 STBD 1:28 15 2.3 1:53 
  
0:25 2.3 15 
5/30/18 44 STBD 23:41 15 4.0 0:11 15 3.8 0:30 3.9 15 
5/31/18 45 STBD 0:11 15 3.4 0:41 15 2.7 0:30 3.1 15 
5/31/18 46 STBD 0:46 15 2.6 1:16 15 3.6 0:30 3.1 15 
5/31/18 47 STBD 1:33 15 4.0 2:03 15 2.8 0:30 3.4 15 
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5/31/18 48 STBD 2:03 15 2.6 2:33 15 2.6 0:30 2.6 15 
5/31/18 49 STBD 2:33 15 2.6 3:03 15 2.3 0:30 2.5 15 
 
15) Elasmobranch captures in all catch evaluation testing conducted. For all stingrays, the disc 
width was measured and for all shark species, the total length was measured. 
 
Net 
Treatment 
Common 
Name 
Species Name Sex Length/ 
Width(cm) 
Weight 
(kg) 
8 ft. Try Net Inshore, R/V Caretta  
Control Atlantic 
Stingray 
Dasyatis sabina Male 28.6 0.97 
 
Control Bonnethead Sphyrna tiburo N/A N/A 0.2  
TED Atlantic 
Stingray 
Dasyatis sabina Female 13.33 0.4 
10 ft. Try Net Offshore R/V Caretta  
TED Rounded Skate Raja texana N/A 22.2 0.22 
Skimmer Vessel, FV MS-01  
Control Bonnethead Sphyrna tiburo Male 36.2 0.12  
Control Bonnethead Sphyrna tiburo Female 33.2 0.19  
Control Cownose Ray Rhinoptera bonasus Female 
 
1.4  
Control Cownose Ray Rhinoptera bonasus Male 
 
1.38  
Control Bonnethead Sphyrna tiburo Female 47 0.24  
TED Bonnethead Sphyrna tiburo Female 32.3 0.14  
TED Bonnethead Sphyrna tiburo Female 35.2 0.15  
TED Bonnethead Sphyrna tiburo Female 37.7 0.18  
TED Atlantic 
Stingray 
Dasyatis sabina Female 19 0.24 
Skimmer Vessel, FV LA-01  
Control Atlantic 
Stingray 
Dasyatis sabina Male 17 0.18 
 
TED Atlantic 
Stingray 
Dasyatis sabina Female 17.6 0.17 
 
TED Atlantic 
Stingray 
Dasyatis sabina Male 17.2 1.1 
Skimmer Vessel FV LA-02  
Control Atlantic 
Stingray 
Dasyatis sabina Male N/A 2.88 
 
Control Atlantic 
Stingray 
Dasyatis sabina Male 36 2 
 
TED Atlantic 
Stingray 
Dasyatis sabina Male 0.55 0.16 
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Appendix 2 – IACUC Documentation 
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